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(57) Abstract 

Disclosed arc analogues of trimethine cyanine dyes which arc useful for imparting fluorescent properties to target materials by covalent 

arc chosen to provide desircd solubility, reactivity and spectralproperties to the fluorescent compounds. A is selected froni O S and 

2 the I^^Si^XS <2.1lo Led or three fused aromatic rings each ring having five or six atoms, selected from carbon 
atoms and, optionally, non more than two oxygen, nitrogen and sulphur atoms. 
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■ 

The present invention relates to rigidized trimethine cyanine dyes, their 
preparation, thai, use as fluorescent marKers and in fluorescence energy 
s transfer complexes and to materials labelled with them. 

Fluorescent dyea are general known and used tor fluorescence rebelling and 
detect o, various bioiogice, and non-biologlce, materials by procedures such 
a I orescence microscopy, fluorescence immunoassay end flow cytometry. 
, 0 A ty pical method for labelling such materials with fluorescent dyes is to create 
Meecen, complex by means 0, bonding between = 

dv e molecule and compatible groups on the materia, to be labelled. In « 

Jay, materials such as cells, tissues, ant.no acids, proteins. 

Jmones. nucleotides, nucleic acids, lipids and polysacobarrdea rrnd he ke 
, 5 m ay be chemically labelled and detected or guantitated. or may be used 

fluorescent probes which can bind specifically to target metenals and 

detected by fluorescence detection methods. 

Fo ur comnronly uaed Ceases of fluorescent dyes are those baaed or - the 
„ fluorescein ,green fluorescence,, rhodamine (orange fluorescence,, coumann 

e e blue fluorescence, cnromophore, Dyes baaad on fluoresce and 
lamina have a number of disadvantages, fluorescein derivaflvas have 
p aenle ebsorption spectrum and fluorescence yield decreases markedly 
below pH 8. Rhodantine dedvadves are Hydrophobic and are difficult to use ,n 
„ ueous media. They often show strong fluotascence guenching when bound 



to proteins. 



US Paten, No.5268486 discloses luminescent mono- and polymethine cyanrne 
dyes and related polymethine dyes such as merocyanine and atyry, dyes 
50 whi ch contain groups enabling them to covalently attached to amrne. 
hydroxy,, aldehyde and sulphydry, groups on a targe, matenal. 
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compounds are disclosed as fluorescing in the green, orange, red and near 
infra-red regions of the spectrum. 

US Patent No.3679427 describes rigidized cyanine dyes which contain a 
trimethine chain as part of a rigid structure, as shown in formula (1): 




(D 



15 



20 



25 



where each of Z and Z 1 represents the non-metallic atoms necessary to 
complete a heterocyclic nucleus of the type used in cyanine dyes; R 
represents a member selected from a hydrogen atom, an aikyl radical, or an 
aryl radical; R 1 represents a member selected from oxygen; sulphur, selen.um 
or nitrogen. The subject dyes are reported to exhibit strong fluorescence and 
are useful spectra, sensitizing dyes for photographic silver ha.ide as well as 
being useful as colorant materials for a wide variety of compositions such as 
paints, lacquers, etc. However they are not described as fluorescent labeling 



dyes. 



European Patent Application No.747448 describes bis-heterocydic 
monomethine cyanine dyes; rigidized by means of a bridging group between 
the nitrogen atoms of the heterocycles. Such compounds may be subst.tuted 
with additional groups chosen to provide desirable solubility, reactivity and 
spectroscopic properties to the fluorescent compounds. The dyes can be 
US ed to covalently label a target material so as to impart fluorescent 
properties to that target. The monomethine rigidized cyanines are h.ghly 
fluorescent and strongly light-absorbing dyes which emit in the near UV and 
blue (300-500nm) region of the spectrum. 
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None of the foregoing literature discloses fluorescent rigidized dye compounds 
that are capable of producing strong fluorescence in the green to orange 
region of the spectrum and also contain functional groups and/or solubilizing 
groups which render the dye suitable for covalent labelling, in particular to 
biological molecules and other target materials. 



RRIFF DESCRIPTION OF T HE DRAWINGS 
Figure 1 is a graph showing the absorption spectra for a solution of the 
dye of Example 1 as compared to protein labeled with the dye in Example 1 .6; 

Figure 2 compares the rigidized dye structure of the dye of Example 1 
with the structures of two open chain dyes. 

Figure 3 is a graph comparing the spectral properties of the three 

15 cyanine 3 dyes of Fig. 2; 

Figure 4 is a graph showing the emission spectra of the three cyanine 

dyes of Fig. 2 when excited at 514 nm; 

Figure 5 shows the results of photo bleaching the three dyes of Fig. 2 

when exposed to laser; 

Figure 6 is a graph showing the result of a peptide polarization binding 

assay according to Example 1 2.2; 

Figure 7 is a graph showing the results of the nucleic acid FRET 

hybridization assay of Example 13.3; 

Figure 8 is a bar graph showing the results of a protein: DNA direct 
intensity binding assay according to the procedures of Example 14.2; 

Figure 9 is a bar graph showing the results of a protein: DNA FRET 
binding assay of Example 15.2; and 

Figure 1 0 is a graph plotting specific polarization readings against 
concentration of unlabeled ligand following Example 1 6.2. 
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The present invention provides bright, highly fluorescent dye compounds 
which absorb and emit in the 450-600nm region of the spectrum. They have 
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rigid structures which are based on the trimethine cyanine chromophore and 
confer high quantum yields of fluorescence. Moreover, they can contain 
functional or reactive groups which may be used to covalently react with 
suitable groups on target materials such as biological molecules, and other 
materials. They are pH insensitive and thus they extend the range of useful 
fluorescent labelling reagents which can be used in fluorescent detection 
applications. 

Accordingly, the present invention provides compounds of formula (2): 




(2) 



optionally substituted by groups R 2 - R 9 , wherein groups R 6 , R 7 , R 8 and R 9 are 
attached to the rings containing X and Y or, optionally are attached to atoms 
of the Z a and Z b ring structures; 

> 

R 2 to R 9 which are the same or different include -R 10 and -L-R 10 where R 10 is 
selected from neutral groups that reduce water solubility, polar groups that 
increase water solubility, functional groups that can be used in labelling 
reactions, reactive groups, electron donating and withdrawing groups that 
shift the absorption and emission wavelengths of the fluorescent molecule, 
lipid and hydrocarbon solubilising groups, and L is selected from the group 
consisting of a straight or branched C 120 alkyl chain, a C 2 . 20 monoether or 
polyether and a C 2 . 20 atom chain containing up to four secondary amide 
linkages; 
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R' is selected from hydrogen, aryl, heteroaryl, cyano, nitro, aldehyde, halogen, 
hydroxy, amino, quaternary amino, acetal, ketal, phosphoryl, sulphydryi, 
water-solubilizing groups, and alkyl groups optionally substituted by, amino, 
C,-C 4 alkyl-substituted amino, quaternary amino, carbonyl including aldehyde 
and ketone, acetal, ketal, halo, cyano, aryl, heteroaryl, hydroxyl, sulphonate, 
sulphate, carboxylate, amide, nitro, and groups reactive with amino, hydroxyl, 
aldehyde, phosphoryl, or sulphydryi groups; 

A is selected from O, S and NR 11 where R 11 is the substituted amino radical: 



R' 

/ 
•N 
\ 
R u 



where R' is selected from hydrogen, a alkyl and aryl and R" is selected 
from C.,8 alkyl, aryl, heteroaryl, an acyl radical having from 2-7 carbon 
atoms , and a thiocarbamoyl radical. 

X and Y may be the same or different and are selected from bis-C, -C 4 alkyl 
and C 4 - C 6 spiro alkyl substituted carbon, oxygen, sulphur, selenium, 
CH = CH anc j n_w wherein N is nitrogen and W is selected from hydrogen, a 
group -<CH 2 ) n R' 2 where n is an integer from 1 to 26 and R 12 is selected from 
hydrogen, amino, aldehyde, acetal, ketal, halo, cyano, aryl, heteroaryl, 
hydroxyl, sulphonate, sulphate, carboxylate, substituted amino, quaternary 
amino, nitro, primary amide, substituted amide, and groups reactive with 
amino, hydroxyl, carbonyl, phosphoryl, and sulphydryi groups; 

Z a and Z b each represent a bond or the atoms necessary to complete one, two 
fused or three fused aromatic rings each ring having five or six atoms, 
selected from carbon atoms and, optionally, no more than two oxygen, 
nitrogen and sulphur atoms; 
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provided that wh^en X and Y are other than carbon, at least one of R 1 - R ! 
comprises a reactive group for covalent reaction with a functional group on a 
target material or comprises a functional group for covalent reaction with a 
reactive group on a target material, or, 

when X and Y are different and are selected from O and Se, at least one of R 1 
- R 9 is other than hydrogen, methyl, phenyl or naphthyl. 

Preferred R 10 groups are selected from: hydrogen, halogen, amide, C r C 6 
alkoxy, nitro, cyano, aryl, heteroaryl, sulphonate, quaternary ammonium, 
guanidinium, hydroxy!, phosphate, phosphonate, optionally substituted 
amino, azido, sulphydryl, carboxyl, carbonyl, reactive groups, for example, 
succinimidyl ester, isothiocyanate, anhydride, haloacetamide, maleimide, 
sulphonyl haiide, phosphoramidite, acid halide, alkyiimidate, hydrazide and 
carbodiimide; and groups reactive with amino, hydroxyl, aldehyde, 
phosphoryl, or sulphydryl groups. 

Preferably R 1 is selected from hydrogen, aryl, heteroaryl, cyano, halogen, alkyl 
groups of twenty-six carbon atoms or \ess and -(CH 2 ) n Q where 1 <n<26 and 
Q is selected from amino, aldehyde, sulphydryl, hydroxyl and groups reactive 
with amino, hydroxyl, aldehyde, phosphoryl, or sulphydryl groups and R 2 , R 3 , 
R 4 and R 5 are hydrogen. 

Suitably R 12 is selected from hydrogen, amino, sulphonate, carboxylate, aryl, 
hydroxyl, and groups reactive with amino, hydroxyl, carbonyl, phosphoryl, or 
sulphydryl groups. 



Bis-substituted carbon includes bis C, - C 4 alkyl groups and C 4 - C 5 spiro alkyl 
groups. 
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Alkyl is a straight or branched chain alkyi group containing from 1 - 26 carbon 
atoms, suitably containing from 1-12 carbon atoms, preferably from 1 - 6 
carbon atoms. 

5 Aryl is an aromatic substituent containing one or two fused aromatic rings 
containing 6-10 carbon atoms, for example phenyl or naphthyl. The aryl may 
be optionally and independently substituted by one or more groups selected 
from groups -R 10 and -L-R 10 as hereinbefore defined. 

10 Heteroaryl is a mono- or bicyclic 5-10 membered aromatic ring system 
containing at least one and no more than 3 heteroatoms which may be 
selected from N,0 and S. The heteroaryl may be optionally and independently 
substituted by one or more groups selected from groups -R 10 and -L-R 10 as 
hereinbefore defined. 

15 

Aralkyl is a C, - C 6 alkyl group substituted by an aryl or heteroaryl group. 

Halogen and halo-groups are those selected from fluorine, chlorine, bromine 
and iodine. 

20 4 

Specific examples of the groups R 1 - R 9 and R n and the groups with which 
those R-groups will react are provided in Table 1 . In the alternative, the R 1 - 
R 9 and R 11 may be the functional groups of Table 1 which would react with 
the reactive groups of a target molecule. 

25 

Table 1 : Possible Reactive Substituents and Sites Reactive Therewith 



Reactive Groups 



succinimidyl esters 



Corresponding Functional Groups 



primary amino, secondary amino, hydroxyl 
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anhydrides 

acyl azides 

isothiocyanates, isocyanates 

sulphonyl chlorides, sulphonyl fluorides 

substituted hydrazines, substituted 
hydroxylamines 

acid halides 

haloacetamides, maleimides 

carbodiimides 

phosphoramidite 
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primary amino, secondary amino, hydroxyl 

primary amino, secondary amino 
amino, thiol, hydroxyl 
amino, hydroxyl 
aldehydes, ketones 



amino, hydroxyl 

thiol, imidazoles, hydroxyl, amino 

carboxyl groups 

hydroxy! 



In addition to those groups listed in Table 1 , a number of other groups are 
possible as reactive substituent ip the R 1 - R 9 and R 11 positions of the 
compounds of the present invention. For example, the reactive groups which 
are especially useful for labelling target components with available amino and 
hydroxy functional groups include: 
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NCS 



(CH^NCS 




NCO 



.(CH^NCO 



>13 



R 13 



R 13 



•<CH 2 ) n - 



NH 




■NH 



14 




NH 



14 




c 



N O CO (ch^- 




N O CO (CRJn 



Oh 




<l 



where n = 0 or an integer from 1-10 and at least one of R 13 or R'« is a 
leaving group such as I, Br, or tl. 
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Specific examples of possible R 1 - R 9 and R» groups that are especially useful 
for labelling target components with available sulphydryl functional groups 
include: 





(CH 2 ) 



n-<J 



where n = 0 or an integer from 1-10 and R 15 is a leaving group such as I or Br. 

Specific examples of possible R 1 - R 9 and R 11 functional groups that are 
10 especially useful for labelling target components by light-activated cross 
linking include: 
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For the purpose of increasing water solubility or reducing unwanted non- 
specific binding of the fluorescently-labelled component to inappropriate 
components in the sample or to reduce interactions between two or more 
reactive chromophores on the labelled component which might lead to 
quenching of fluorescence, the R 1 - R 9 and R' 1 functional groups can be 
selected from the well known polar and electrically charged chemical groups. 
Examples of such groups are -E-F- where F is hydroxy, sulphonate, sulphate, 
carboxylate, substituted amino or quaternary amino, and where E is a spacer 
group such as -(CH 2 ) n - where n is 0-6. Useful examples of -E-F groups 
include C 16 alkyl sulphonates, such as -(CH 2 ) 3 S0 3 - and -(CH 2 ) 4 -S0 3 . 

Exemplary compounds of the present invention which demonstrate the 
capability for adjusting fluorescence colour, water solubility, and the position 
of the reactive or functional group are as follows: 

0 6(7(9(1 o-Tetrahydro-2,14-carboxymethyl-16,16,18,18-tetramethyl- 
7aH, 8aH-bisindoliniuml3.2-a;3'2'-a'lpyrano[3,2-c;5,6-c']dipyridin-5-ium 

* 

(Compound I); 

ii) 8,9, 11,1 2-Tetrahydro-3,1 7-disulphonato-20,20,22,22-tetramethyl- 
9aH,10aH-bisbenz[e]indor.nium[3,2-a,3'2'-alpyrano[3,2-c;5,6-c']dipyridin-7- 

ium (Compound II); 

iii) 6,7,9,1 0-Tetrahydro-2-carboxymethyl-1 4-sulphonato-1 6,1 6,1 8,1 8- 
tetrameihyl-7aH,8aH-bisindolinium[3.2-a,3'2'-a]pyranol3,2-c;5,6-c'ld.pyridin 

5-ium (Compound 111); 
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iv) 6.7,9,1 0-Tetrahydro-2-carboxymethyl-l 4-sulphonato-1 6,16,18,18- 
tetrameihyl-7aH,8aH-bisindolinium[3,2-a,3'2'-alpYrano[3,2-c;5,6-c'ldipyridin- 

5-ium, glycinamide {Compound IV); 

v) 6,7,9,1 0-Tetrahydro-2-carboxymethyl-1 4-sulphonato-1 6,16,18,18- 
tetramethyl-7aH,8aH-bisindor.nium[3,2-a,3'2'-a]pyranoI3,2-c;5,6-c'ldipyridin- 

5-ium, N-(2-aminoethylcarboxamide) (Compound V); 

vi) 6 ,7,9,10-Tetrahydro-2-(N-formyl)aminomethyl-14-sulphonato- 
16,1 6,1 8,1 8-tetramethyi-7aH,8aH-bisindolinium[3,2-a,3'2'-a]pyrano[3,2- 

c;5,6-c'ldipyridin-5-ium (Compound VI); 

vii) 6,7,9,10-Tetrahydro-2-hydroxyethyl-16,16,18,18-tetramethyl- 
7aH,8aH-bisindolinium[3,2-a,3'2'-a]pyrano[3,2-c;5,6-c']dip Y ndin-5-ium 

(Compound VII); 

viii) 6,7,8,1 0-Tetrahydro-1 4-carboxy methyl- 1 6,1 6-dimethyl-7a-8a- 
benzothia Z olenine-indolenine-l3,2-al-benzthiazolyl[3'2'-a]-pyrano[3,2-c;5,6- 

c']dipyridin-5-ium (Compound VIII); 

ix) 6 ,7,8,8a,9,10-Hexahydro-2,14-disulphonato-8-(4-carboxy-anir.no)- 
16,16,l8,18-tetramethyl-7aH-bis-indolinium[3,2-a;3'2'-a']pyrido[3,2-c;5,6- 

c']dipyridin-5-ium (Compound IX); 

x) 6,7.9, 10-Tetrahydro-14-carboxymethyl-1 6,1 6-dimethyl-7a-8a-quinolino- 
indolenium-[3,2-a,3'2'-a]-pyrano[3,2-c;5,6-c'ldipyridin-5-ium (Compound X). 

The groups provided herein are not meant to be all-inclusive of those groups 
which can be incorporated at the R sites of the compounds of the present 
invention. It will be understood that there are various other groups which will 
react with groups on material that is to be labelled by the compounds of the 
present invention. Compounds produced by the incorporation of such other 
groups at the R 1 - R 9 and R 11 positions are intended to be encompassed by the 
present invention. 



o 



The compounds of the present invention may be used in numerous biological 
and non-biological applications. With respect to non-biological applications, 
compounds of the present invention having one or more uncharged groups at 
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the R- - R 9 and R" positions, for example, C„ 6 alkyl and aryl moieties may be 
dissolved in non-polar materials to provide fluorescent properties to those 
materials. Such non-polar materials include, for example, paints, polymers, 
waxes, oils, inks and hydrocarbon solvents. Another non-biological 
application of the present invention is to dissolve compounds of the present 
invention having one or more charged and/or polar groups at the R 1 - R 9 and 
R« positions in polar solvents or other materials such as, for example, water, 
ethylene glycol, methyl alcohol, or a mixture of water and methyl alcohol. 
Such charged R-groups include, for example, -NR 3 + - -S0 3 , -PCV and -COO", 
while such polar R-groups include, for example, hydroxy! groups. With 
respect to biological applications, biological molecules may be non-covalently 
labelled using the present complexes. For example, complexes of the present 
invention wherein at least one of R 1 - R 9 and R 11 contains a charge, for 
example, quaternary amino, may be used to non-covalently bind to charged 
biological molecules such as, for example, DNA and RNA. In addition, 
compounds of the present invention wherein at least one of R 1 - R 9 and R 11 is 
an uncharged group, for example, a long chain alkyl, may be used to bind to 
uncharged biological molecules such as, for example, biological lipids. 

Alternatively, the, compounds of the present invention may contain a 
polymerizable group suitable for the formation of a polymer containing the 
complex. Suitable polymerizable groups are selected from acrylate, 
methacrylate, acrylamide. vinyl and styryl. Polymerization may be carried out 
with a suitably derivatized compound of this invention used in conjunction 
with a second polymerizable monomer starting material, such as styrene or 
vinyltoluene, to form a copolymer containing the fluorescent compound. 
Alternatively the fluorescent compounds of the invention need not have a 
polymerisable group, for example, the compound may be incorporated during 
polymerisation or particle formation or may be absorbed into or onto polymer 
0 particles. 



13 



PCT/US98/26665 

WO 99/31181 

The dyes of the present invention can also be used as laser dyes according to 
the procedures set forth in US Patent No.4916711 to Boyer and Morgan. 
Laser dyes must be fluorescent, must have a quantum yield greater than 0.56 
or 0.57 and must be reasonably photostable. The compounds of the present 
invention satisfy each of these requirements. Further the dyes of the present 
invention can be used as textile dyes, photographic dyes and as organic 
conductors. 

The compounds of the present invention may also be used to covalently label 
a target material to impart fluorescent properties to the target material. 
Covalent labelling using the compounds of the present invention may be 
utilized either in a biological or a non-biological application. Examples of 
target materials that may be labelled in non-biological applications include, for 
example, cellulose-based materials (including, for example, papers), textiles, 
petroleum-based products, photographic films, glasses, polymers and gel 
filtration and chromatography media. 

Covalent labelling using compounds of the present invention may be 
accomplished with'a target having at least one functional or reactive group as 
defined hereinbefore. The target may be incubated with an amount of a 
compound of the present invention having at least one of R 1 - R 9 and R 11 that 
includes a reactive or functional group as hereinbefore defined that can 
covalently bind with the functional or reactive group of the target material. 
The target material and the compound of the present invention are incubated 
under conditions and for a period of time sufficient to permit the target 
material to covalently bond to the compound of the present invention. 

R 1 - R 9 and R 11 can be chosen so that the compounds of the present invention 
react with different target compounds and/or to have different spectral 
> properties, thereby providing a number of related compounds which can be 
used in multiplex analyses wherein the presence and quantity of various 
compounds in a single sample must be differentiated based on the 
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wavelengths and intensities of a number of detected fluorescence emissions. 
The compounds of the present invention may be made soluble in aqueous, 
other polar, or non-polar media containing the material to be labelled by 
appropriate selection of R-groups. 

The invention also relates to labelling methods wherein the compounds of the 
present invention including at least one reactive group at the R' - R 9 and R 11 
positions covalently react with amino, hydroxyl, aldehyde, phosphoryl, 
carboxyl, sulphydryl or other reactive groups on target materials. Such target 
materials are include, but are not limited to the group consisting of antibody, 
lipid, protein, peptide, carbohydrate, nucleotides which contain or are 
derivatized to contain one or more of an amino, sulphydryl, carbonyl, hydroxyl 
and carboxyl, phosphate and thiophosphate groups, and oxy or deoxy 
polynucleic acids which contain or are derivatized to contain one or more of 
an amino, sulphydryl, carbonyl, hydroxyl and carboxyl. phosphate and 
thiophosphate groups, microbial materials, drugs, toxins, particles, plastics or 
glass surfaces and polymers. Compounds of the present invention may also 
be used for coupling to additional fluorescent or non-fluorescent compounds 
for. use in fluorescence resonance energy transfer complexes of the type 
described an EPA 747700 or for fluorescence polarisation or fluorescence 
quenching-based applications. 

In addition to the foregoing single-step labelling process, the present invention 
also relates to two-step labelling processes in which, in a first step, a 
compound of the present invention covalently reacts with and thereby labels a 
primary component, such as an antibody. In a second or staining step of the 
two-step procedure, the fluorescently labelled primary component is then used 
as a probe for a secondary component, such as an antigen for which the 
antibody is specific. When the target of the so-labelled antibodies is a cell, 
the second step of the procedure may be used to determine the amount of 
labelled antibodies which are attached to that type of cell by determining the 
intensity of the fluorescence of the cells. By this two-step procedure, 



15 



PCT/US98/26665 

WO 99/31181 

monoclonal antibodies and other components covalently labelled in the first 
step with the fluorescent compounds of the present invention could be used 
as antigen probes. 

, The compounds of the present invention can be used to determine the 

concentration of a particular protein or other component in a system. If the 
number of reactive groups on a protein which can react with a probe is 
known, the fluorescence per molecule can be known and the concentration of 
these molecules in the system can be determined by the total fluorescence 

0 intensity of the system. This particular method can be used to measure the 
concentration of various labelled analytes using microtitre plate readers or 
other known immunofluorescence detection systems. 

The compounds of the present invention are also useful in assay 
, 5 methodologies that employ fluorescent labels for the detection and 

measurement of analytes, using for example, fluorescence resonance energy 
transfer (FRET) based methods, fluorescence lifetime, or by means of 
fluorescence polarization measurements. 



20 



25 



30 



The use of fluorescence resonance energy transfer dye pairs in biological 
systems is well known and they have been used in the detection of binding 
events or cleavage reactions in assays which employ FRET. Examples of such 
assays include equilibrium binding assays, (eg. immunoassays, nucleic acid 
hybridisation assays, protein binding assays and hormone receptor assays) 
and enzyme assays, such as proteolytic cleavage assays, the cleavage of a 
DNA or RNA molecule by a nuclease, or a lipid by a lipase. 

Binding assays utilising compounds of the present invention may be 
performed by binding one component of a specific binding pair with a second 
component of the specific binding pair, the first component being labelled 
with a fluorescent donor dye according to the present invention, and the 
second component being labelled with a fluorescent (or quenching) acceptor 
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dye, so as to bring about an energy transfer relationship between the first and 
second components, and detecting the binding of the first and second 
components by measurement of the emitted fluorescence. Examples of 
specific binding pairs include, but are not restricted to, antibodies/antigens, 
lectins/glycoproteins, biotin/(strept)avidin, hormone/receptor, 
enzyme/substrate or co-factor, DNA/DNA, DNA/RNA and DNA/binding 
protein. It is to be understood that in the present invention, any molecules 
which possess a specific binding affinity for each other may be employed, so 
that the dyes of the present invention may be used for labelling one 
component of a specific binding pair, which in turn may be used in the 
detection of binding to the other component. 

The dyes of the present invention may also be used in an enzyme cleavage 
assay format, in which the enzyme substrate, for example a peptide, 
comprises two components, one of which is labelled with a fluorescent donor 
dye of the present invention, the second being labelled with a fluorescent (or 
quenching) acceptor dye and being attached to the substrate in an energy 
transfer relationship, on either side of the substrate bond to be cleaved. A 
known or a putative enzyme inhibitor compound may be optionally included ,n 
the reaction mixture. Cleavage of the substrate by the enzyme results in 
separation of the donor and acceptor dyes, resulting in a loss of resonance 
energy transfer and a change in the fluorescence emission of the donor and 
acceptor species. 

t Suitable fluorescent acceptor dyes that can be combined with the dyes of the 
present invention to form energy transfer dye pairs include the rhodamine and 
cyanine dyes. Particularly preferred are the cyanine dyes, including Cy5 (1-<s- 
carboxypentyl)-V-ethyl-3,3,3',3'-tetramethyl-5,5'-disulphonato- 
dicarbocyanine), Cy5.5 (1-( e -carboxypenty.)-1 '-ethy.-3,3,3',3'-tetramethyl- 

0 4,5,4', 5'-d ,3-disulphonato)-dibenzo-dicarbocyanine) and Cy7 (1-(s- 
carboxypentyl)-r-ethyl-3,3,3',3'-tetramethyl-5,5'-disulphonato- 
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tricarbocyanine). A suitable quenching acceptor dye is DABCYL (4-<4- 
dimethylaminophenyDazobenzoic acid). 

The dyes of the present invention may also be used in binding assays or in 
enzyme cleavage assays, utilising fluorescence polarization measurements. In 
a binding assay format, the assay of an analyte in a sample may be performed 
by providing a specific binding partner for the analyte, the specific binding 
partner being labelled with a dye according to the present invention, 
measuring the fluorescence polarization of the labelled specific binding 
partner, contacting the analyte with the labelled specific binding partner under 
conditions suitable for binding the analyte to form an analyte-specific binding 
partner complex and measuring the fluorescence polarization of the labelled 
analyte-specific binding partner complex to determine the extent of binding. 

In the second format, an assay for the detection of enzyme activity may be 
configured as follows. A reaction mixture is prepared by combining a 
protease enzyme and a fluorogenic substrate labelled with a dye according to 
the present invention. A known or a putative inhibitor compound may be 
optionally included in the reaction mixture. Cleavage of the substrate by the 
enzyme results in the production of labelled fragments. The progress of the 
reaction is monitored by observing the change in fluorescence polarization. 

The fluorescent compounds of the present invention can also be used in a 
detection method wherein a plurality of the fluorescent compounds are 
covalently attached to a plurality of different primary components, such as 
antibodies, each primary component being specific for a different secondary 
component, such as an antigen, in order to identify each of a plurality of 
secondary components in a mixture of secondary components. According to 
this method of use, each of the primary components is separately labelled 
B with a fluorescent compound having a different light absorption and emission 
wavelength characteristic compared with the dye molecules used for labelling 
the other primary components. The so-called primary components are then 
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added to the preparation containing secondary components, such as antigens, 
and the primary components are allowed to attach to the respective 
secondary components for which they are selective. 

Any unreacted probe materials may be removed from the preparation by, for 
example, washing, to prevent interference with the analysis. The preparation 
is then subjected to a range of excitation wavelengths including the 
absorption wavelengths of particular fluorescent compounds. A fluorescence 
microscope or other fluorescence detection system, such as a flow cytometer 
or fluorescence spectrophotometer, having filters or monochrometers to select 
the rays of the excitation wavelength and to select the wavelengths of 
fluorescence is next employed to determined the intensity of the emission 
wavelengths corresponding to the fluorescent compounds utilized, the 
intensity of fluorescence indicating the quantity of the secondary component 
which has been bound with a particular labelled primary component. Known 
techniques for conducting multi-parameter fluorescence studies include, for 
example, multi-parameter flow cytometry. 

In certain cases a single wavelength of excitation can be used to excite 
f fluorescence from two or more materials in a mixture where each fluoresces 
' at a different wavelength and the quantity of each labelled species can be 

measured by detecting its individual fluorescence intensity at its respective 

emission wavelength. If desired, a light absorption method can also be 

employed. 

The detection method of the present invention can be applied to any system 
in which the creation of a fluorescent primary component is possible. For 
example, an appropriately reactive fluorescent compound can be conjugated 
to a DNA or RNA fragment and the resultant conjugate then caused to bind to 
o a complementary target strand of DNA or RNA. Appropriate fluorescence 
detection equipment can then be employed to detect the presence of bound 
fluorescent conjugates. 
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The present invention also relates to the covalent reaction between 
compounds of the present invention, and amine, hydroxy, aldehyde, 
sulphydryl, phosphoryl or other known functional groups on materials such as, 
for example, proteins, peptides, carbohydrates, nucleic acids, derivatized 
nucleic acids, lipids, certain other biological molecules, biological cells, soluble 
polymers, polymeric particles, polymer surfaces, polymer membranes, glass ^ 
surfaces and other particles and surfaces. Because detecting fluorescence 
involves highly sensitive optical techniques, the presence of these dye 
"labels" can be detected and quantitated even when the label is present in 
very low amounts. Thus, the dye labelling reagents can be used to measure 
the quantity of a material that has been labelled. 

Compared with, for example, the fluoresceins, the rigidized trimethine 
cyanines of the present invention are particularly photostable and are 
insensitive to pH changes between pH2 and pH10. The compounds of the 
present invention maximally absorb and emit light at wavelengths between 
450 and 600nm (green to orange region of the spectrum) and are therefore 
alternatives to Texas-Red, rhodamine, tetramethylrhodamine, X-rhodamine, 
BODIPY and fluorescein. 

The present invention also provides a process for the preparation of a 
compound of formula (2) which comprises treating a compound of formula 

(A): 
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(A) 

optionally substituted by groups R 2 - R 9 , wherein X, Y. T, Z b and groups R\ 
R 2 R 3 , R 4 , R 5 , R 6 , R 7 , R 8 and R 9 are as defined above and R is methyl or ethyl, 
in mild acid solution, such as in acetic acid. Suitably the reaction mixture is 
heated under refluxing conditions, whereupon the rigidized carbocyanine dye 
precipitates from solution. Alternatively the reaction may be carried out in a 
stronger mineral acid solution, such a sulphuric acid at lower temperatures, 
for example ambient temperature. It may be advantageous to include in the 
reaction mixture, a solvent such as chloroform. 



In the case of amino and hydrazino substituted carbocyanine dyes of the 
present invention, these may be prepared from intermediates of general 
structure (A) by including the appropriate amine or hydrazino derivative in the 
15 acid solution used for preparing the rigidized dye. 

Symmetrical compounds of structure (A) wherein X and Y are the same and 
structures Z a and Z b are the same may be prepared by reacting a compound of 

f 

structure (B): 

-20 
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(B) 



30 optionally substituted with groups R 2 , R 3 , R 6 and R 7 wherein groups, Z« and X, 
p2 R 3 R6 and R 7 are as here inbefore defined and R is methyl or ethyl, with an 
appropriate ortho ester such a ethyl orthoformate in a suitable solvent medium 
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to prepare the non-rigidized trimethine. The reaction is suitably carried out in 
solution in a solvent such as pyridine by heating under reflux. By suitably 
substituting the ortho ester, the central or meso carbon atom of the 
conjugated trimethine chain may be substituted with a variety of substituents 
such as are represented by the group R\ For example, replacement of the 
ethyl orthoformate in the reaction mixture with ethyl orthoacetate will 
produce a trimethine cyanine dye in which the meso hydrogen is replaced 
with a methyl group. 

Asymmetric compounds of structure (A) wherein X and Y are different may be 
prepared by reacting a compound of formula (B). optionally substituted with 
groups R 5 and R 6 wherein groups R 2 , R 3 , R 5 , R 6 , Z° and X are as hereinbefore 
defined with a compound of structure (C): 



15 



20 




(C) 



15 optionally substituted by groups R 8 and R 9 wherein groups R\ R\ R s . R 8 . R 9 , Y 
and Z" are as hereinbefore defined, R is an alkyl group such as methyl or 
ethyl, R a is an acyl radical, such as acetyl, propionyl and benzoyl and R b is 
hydrogen, an alkyl radical such as methyl or ethyl, or an aryl radical such as 
phenyl. The reaction is suitably carried out in a 1:1 molar proportion in acetic 

30 anhydride solution. 
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intermedin compound (B) may be prepared by reacting the hydroha.ide acid 
salt of the appropriate heterocyclic base of formula (D): 



s 



X 



v 

\ 




(D) 



10 



optionally substituted by groups R 6 and R 7 , wherein X, Z>, R 6 and R 7 are as 
defined above with a compound of formula (E): 
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30 



I \- 



H (OEt) 2 



(E) 



wherein R 2 and R 3 are as hereinbefore defined. The reaction is 
advantageously carried out with reagent (E) in excess and in an inert solvent 
of moderate polarity that dissolves both reagents, but which is not a solvent 
for the reaction product. Examples of such media are solvents such as 
acetonitrile. The reaction is suitably carried out at an elevated temperature, 
suitably 70°C. An acid such as acetic acid may be added to the reaction 
mixture to facilitate the reaction. As a specific example the hydrobromide salt 
of (2 3,3-trimethyl-3H-indol-5-yl)-acetic acid prepared by the method of 
Southwick et a. (Org.Prep.Proceed.lnt. 20, 279-84, 1989) is reacted with 
acrolein diethyl acetal in acetonitrile containing acetic acid as solvent. The 
reaction is suitably carried out at a temperature of 70°C. 



23 



PCT/US98/26665 

WO 99/31181 

Intermediates of formula (C) may be prepared by reaction of a compound of 
structure (B) containing a methyl substituent in the 2-position with a 
formamidine of formula (F): 

R 1 

/ 

N=C 
R c/ NH-R b 



(F) 



wherein R 1 and R b are as hereinbefore defined and R c is phenyl or substituted 
phenyl. Suitably the reaction is carried out by condensing the quaternary salt 
of structure (B) with a 1 .5 molar excess of the formamidine using an acid 
condensing agent, for example acetic anhydride, propionic anhydride, or 

IS glacial acetic acid. Acetic anhydride is a particularly preferred condensing 
agent for the reaction. Alternatively, the condensation reaction may be 
performed without any addition; however acid condensation is to be preferred 
for the production of. rigidized trimethine cyanine dyes substituted at the 
central or meso carbon atom of the trimethine chain. See, for example, 

20 British Patent No. 41 2309. 

Precursor compounds of formula such as (D) may be prepared by methods 
well known to those skilled in the area. See for example US Patent 
No.4981977, the entire disclosure of which is incorporated by reference. 



25 



30 



It will be readily appreciated that certain compounds of formula (2) may be 
useful as intermediates for conversion to other compounds of the formula (2) 
by methods well known to those skilled in the art. Likewise, certain of the 
intermediates may be useful for the synthesis of derivatives of formula (2). 
The compounds of the present invention may be synthesized by the methods 
disclosed herein. Derivatives of the compounds having a particular utility are 
prepared either by selecting appropriate precursors or by modifying the 
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resultant compounds by known methods to include functional groups at a 
variety of positions. As examples, the complexes of the present invention 
may be modified to include certain reactive groups for preparing a fluorescent 
labelling reagent, or charged or polar groups may be added to enhance the 
5 solubility of the compound in polar or nonpolar solvents or materials. As 
examples of conversions an ester may be converted to a carboxylic acid or 
may be converted to an amido derivative. ^ 

The following are specific examples of the synthesis of compounds of the 
,0 present invention and observed spectral data for those compounds. 

Example 1 . 6 ,7 9. 1 Q-Te trah ydro-2. 1 A-rarhnxvmethvl- 16.16,18,18- 
tetrameth yj^aj± a a H-bis j nrinlini..mt3.2-a-?'?'-a'1PYranot3 t 2-c;5,6- 
r.'lHip Yrirlin-5-ium <R-r.y3.12.OH; Compound I) 



HO„C 




20 



25 



1.1 R-r a rbQxvm ^thYl-P.3.3-trimethvlindoline 

5-Carboxymethyl-2,3.3-trimethylindoline was prepared either by the method 
of Southwick et at, Org.Prep.Proceed.lnt., 20, 274-84, (1989), or 
alternatively as described below. 

To a stirred solution of 4-aminophenylacetic acid (5g, 33.1 mmol) in a 3:2 
water: cone. HCI (33ml) solvent mixture at <0°C was added dropwise a 
cooled (<0°C) solution of sodium nitrite (2.7g, 39mmol) in water (43ml). 
The reaction mixture was then maintained at the reduced temperature for a 
further 30 minutes. A saturated aqueous solution of sulphur dioxide (140ml) 
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was added and the reaction mixture warmed to ambient temperature over 1 
hour, then warmed for a further hour at 70°C. The reaction mixture was 
cooled rapidly and the solvent removed in vacuo. The yellow hydrazine 
intermediate product obtained was redissolved in acetic acid {54ml) and 
potassium acetate (7.05g, 71.8mmol) and methyl-isopropyl ketone (6.84g, 
79.4mmol) added at ambient temperature. After 30 minutes the reaction 
mixture was warmed to 90°C and stirred for a further 2 hours. The reaction 
mixture was cooled and the reaction solvent removed in vacuo. The product 
was dissolved in dichloromethane (100ml) and washed with water (2 x 50ml). 

The organic phase was dried over MgSO A , filtered and concentrated in vacuo. 

5-ethoxycarbonyl-2,3,3-trimethylindolenine was obtained as a red solid (4.8g, 

67%). No purification was required; m/z (Maldi): 217. 



1 2 i-(3.3-DiethovynroDvl-5-narhoxvme thyl-2.3.3-trimethvlindolenine, ethyl 



ester 



To a stirred solution of 5-carboxymethyl-2,3,3-trimethylindolenine <2g. 
9.3mmol) in ethanol (40ml) at ambient temperature was added hydrobromic 
acid (3.1 6ml of 48% aqueous solution). After 1 hour the reaction solvent 

20 was removed in vacuo. The hydrobromide salt was redissolved in acetonitrile . 
(40ml) and acetic acid (400ml) and acrolein diethyl acetal <18.17g, 140mmol) 
added. The reaction mixture was warmed to 70°C for 20 minutes. The 
solution was cooled and the reaction solvent removed in vacuo. The product 
was purified by HPLC on a Rainin Dynamax C18. 8pm column using a 10- 

25 1 00% gradient elution of water/acetonitrile (containing 0. 1 % TFA) over 60 
minutes at 20ml/min. The product was obtained as a green oil {1.24g, 36%); 
m/z (FAB + ): 376.2. 

L3 5 R'-Dicarboxym»thvl-1 .V- d i-ta S-diethoxvnropvO-indocarbocyanine- 
30 ethvt ester 
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To a stirred solution of 1 -(3,3-diethoxypropyl-5-carboxymethyl-2,3,3- 
trimethylindolenine, ethyl ester (356mg, 0.95mmol) in .pyridine (10ml) at 
1 20°C was added dropwise, triethyl orthoformate (98mg, 66mmol) over 30 
minutes. After 2 hours the reaction mixture was cooled. The product was 
purified by HPLC on a Rainin Dynamax C18, Sum column using a 10-100% 
gradient elution of water/acetonitrile (containing 0.1% TFA) over 60 minutes, 
at 20ml/min. The product was obtained as a pink solid (251 mg, 35%); Xmax: 
555nm; m/z (FAB + ): 761.4. 

■j .4 fi 7 . 9 . 1 Q-Tetr^hvdro-2 . 1 A-carboxvmet hvl- 16.16.18.1 8-tetramethyl- 

7 a n i ft a H-hi s indQliniu r T»ta.2- a .3'2'-a1nvranof3,2-c;B B-o'ldipyridin-5-ium 

To a stirred solution of 5,5'-carboxymethyl-1 ,1-di-(3,3-diethoxypropyl)- 
indocarbocyanine, ethyl ester (lOOmg. 0.132mmol) in chloroform (10ml) at 
ambient temperature was added 50% aqueous sulphuric acid (2ml). After 30 
minutes the reaction solvent was diluted with chloroform (10ml) and washed 
with water (3 x 10ml). The organic phase was dried over NaS0 4 , filtered and 
concentrated in vacuo. The product was purified by HPLC on a Rainin 

y 

Dynamax C1 8, 8(am column using a 10-1 00% gradient elution of 
water/acetonitrile (containing 0.1% TFA) over 60 minutes at 20ml/min. The 
product was obtained as a pink solid (65mg, 90%); Xmax 565nm; m/z ; m/z 
(FAB^): 539.2. 

L5 fi 7 . 9 . 1 Q-Tetr *h Y Hro-2 , 1 4 - ^rhnv vmethvl- 16,16,18,1 8-tetramethy I- 

-y a H, R a H-hi S indolini u mia 9- a .3'2'-alnvrano{3,2-c;5 6-c.'1dipyridin-5-ium, 

N-hvdroxysuccin midvl ester 



To a mixture of 0-(N-succinimidyl-N,N,N'.N'-bis(tetramethylene)uronium 
hexafluorophosphate (5mg, 0.01 2mmol). and N.N'-diisopropylethylamine 
30 (4.08mg, 0.032mmol) in dimethylsulphoxide (500^1) at ambient temperature 
was added 6,7,9. 10-tetra-2,14-carboxymethyl-1 6,1 6,1 8,1 8-tetramethyl- 
7aH,8aH-bisindoliniuml3,2-a,3'2'-a]pyrano[3,2-c;5,6-c']dipyridin-5-ium(5mg, 
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0.0089mmol). The reaction mixture was stirred for 1hr. Conversion to the 
N-hydroxysuccinimidyl ester derivative was confirmed by mass spectroscopy 
and HPLC using a Phenomenex Jupiter C18 10|am column. 

1 .6 Protein Labelling Procedure 

A stock solution of the N-hydroxysuccinimidyl ester of Compound I was 
prepared in dry DMF (1mg active ester/1 OOul). Sheep IgG (1 mg, 6.45mmol) 
was dissolved in 250nl buffer solution (pH 9.4} and the desired amount of dye 

j was added during vigorous vortex mixing. Unconjugated dye was separated 
from the labelled protein by gel permeation chromatography (0.7x20cm 
column of Sephadex G-50) using pH 7 buffer solution as eluant. Absorption 
spectra of the labelled antibody solution was recorded (see Figure 1). Dye to 
protein ratio for the sample was determined using an equation below with 

5 measured values of absorbance of the labelled dye at 560nm and the 
absorbance of protein at 280nm. 

D = A dv „_x — Egtm — 

y 

P (A 280 - XAJ x E dve 

20 

The factor X in the denominator accounts for the dye absorption at 280nm 
which is a % of the absorption of the dye at its maximum absorption <A dve ). 
The value of X is 0.17 for a rigid dye. 

25 ^ .7 rnm p.ri.on of S r ~^ Pmngrties- Rinidbed Cy3 (Compound I) and 

Open Chain Cv3 

The spectral properties of the rigidized dye were compared with the known 
open chain Cy3.18.OH and Cy3.10.0H dyes (Figure 2). The absorption 
30 absorption and emission spectra are shown in Figures 3 and 4. The 

absorption maxima of the rigid dye shifted to the red by 1 2nm in methanol 
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and as expected it is 10-12 time brighter that the non-rigidized indocyanines. 
The results are shown in Table 2 below. 



5 



Table 2 



10 



15 




Cy3.18.OH 



20 



Cy3.10.OH 



Pnoto-b.eaching of the dyes was studied under identical conditions. Samples 
of equal concentrations of dyes (3m. of 1 .5x1 0* mmo. solution in water) 
were exposed to a laser line 514nm (30mV. 1cm diam. beam) and absorpt.on 
was recorded in a few'minutes of interval for 50 minutes. The results are 
shown in Figure 5. Rigidized dye is expected to bleach faster. However, 
because of its high quantum yield, it is expected that the rigidized dye will be 
suitable for flow cytometer and other imaging experiments where the sample 
is exposed for short time periods. 

Example 2. 0011 1 9-T.trahvd^^ 

^ r ^thvl-9aH lOaH-bisbenzle^ ^ 2 § T?'-al pyranoI3 f 2-c f 5,6- 

p/1diovridin-7-ium (Compound II] 
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15 



2.1 «-c... r hnn a to-2. 3 a-trimethvl-1 H-hen/Nindolenine 

A stirred solution of 2.3,3-trimethy.-1 H-benz[el-indolenine (100g, 478mmol) 
in concentrated sulphuric acid (500ml) was heated at 180°C. After 2 hours 
the solution was cooled to ambient temperature, then poured onto ,ce. The 
reaction mixture was made basic by adding 50% sodium hydroxide (3000ml). 
The resulting precipitate was filtered, recrysta.lised from water and dned. 
The product was obtained as a white solid (7.25g, 54%). 

2 .2 ■) r » n^v ^pmm/H-e-sulphnmrn-? 3 3-trimethyl-1 H- 

* 

hfinzfelin dolenine 

1 . { 3 3-Diethoxy P ropy.)-6- S u lp honat 0 -2,3,3-trimethyMH-benz I elindo.eninewas 
prepared by reaction of 6-su.phonato-2,3,3-trimethy.-1 H-benz t e]indo.enine. 
( 25mg 0.0087mmol) with acrolein diethyl aceta. (169mg, 1 -3mmo.) and 
acetic acid (10|il) in acetonitrile (2m.) by an analogous method to that 
described in Section 1.2. The compound was not purified, as decomposition 
10 was observed. The product was obtained as a pale yellow ori. 

2.3 6J5M»sui^^ 

... * 1 1 Hi f3 3-diethoxvpropyl)-benz[elindocarbocyanine was 
6 6'-Disulphonato-1 , i-di-(J,J-aiexnuAVH'"Hy 

n( in3 diethoxvpropyl)-6-sulphonato-2,3,3-trimethyl- 
75 prepared by reaction of 1 -(3,3-dietnoxypi"HY 
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1 H -benz(elindo,enine with triethy. or—ate (51 .2mg. 0.035mmoO «n 
pyridine (5m.) by an ana.ogous method to that described in Sect.on 1 .3. 
compound was purified by HPLC on a Phenomena Jupiter CIS. 10^m 
co ,umn us.ng O-IOQo/o gradient e.ution of water/acetonitri.e (containing 0.1 * 
TFA) over 30 minutes at 4m./min. The product was obtained as a p.nk/purp.e 
solid; Xmax (MeOH) 580nm, m/z (Maldi): 852. 



10 



15 



20 



25 



24 s^J^Ll^trat^^ 

9ji Hj0al±J*^^ 
^'^ipyririin-7-ium 

l2 .Tetrahydro-3,17-disulphonato-20 ( 20.22,22-tetramethyi-9aH.10aH- 
b ; s ben; i e ] indo.inium l 3,2-a,3'2'-alpyrano(3,2-c;5,6-c'ldipvridin-7-iumwas 

prepared by reaction of 6,6<-disu.phonato-1 ,1-di-(3,3-diethoxypropy«^ 
oenzleHndocarbocyanine <3mg, 0.0035mmo.) in chloroform (5m.) 
sulphuric acid (1m.) by an ana.ogous method to that described in sect,™ 1 .4. 
The compound was purified by HPLC on a Phenomenex Jupiter C18. 10pm 
column using 0-100% gradient elution of water/acetonitri.e (containing 0.1 A 
TFA) over 30 minutes at 4m./min. The product was obtained as>a .um.nescent 
pink/purple solid; Xmax (MeOH) 598nm; m/z (Maldi): 684. 

Examples. e^iL^*^^ rQ , 

j6J6JJL18^e^^ 
r .^ «-^'^,p V rirtin-5-iu r" (rnmpound III) 



HO,S 




CO^ 
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3>1 ijjiMi!.! to 2^3 trimilbyliPdojenlne 

To a stirred solution of 4-hydrazinobenzene sulphonic acid (68g, 361 mmo.) in 
acetic acid (205m.) at ambient temperature was added 3-meth V .-2-butanone 
(88 44g,1027mmol). The reaction was heated under reflux. After 3 hours 
the solution was cooled and the resulting pink precipitate was filtered, 
washed with acetic acid (50m.) and dried. The product was redisso.ved ,n 
methanol (800ml) and a solution of potassium hydroxide ,20.4g. 364mmol) ,n 
isopropano. (200m.) was added. The yellow so.id obtained was filtered and 
dried (48g, 56%); m/z (FAB + ): 240. 

3. 2 3 a ..ni.thnxvoropvll^uiphonatc «> 3 3-thmeth ylindolenine 

1-Diethoxy propy.-5-su.phonato-2,3,3-tnmethy»indo.enine was prepared by 
reaction of 5-sulphonato-2.3,3-trimethylindolenine potassium salt (1g, 
3 88mmo.) with acrolein diethyl aceta. (8.54g. 65.6mmo.) and acetic acd 
(1m „ in acetonitri.e (40m.) using an ana.ogous method to that described ,n 
Section 1.2. The compound was purified by HPLC on a Rainin Dynamax CI 8. 
8,m column using 0-100% gradient e.ution of water/acetonitri.e (conta.n.ng 
0.1 % TFA) over 60 minutes at 20m./min. The product was obta.ned as a 
green oil (740mg, 52%); m/z: (FAB + ) 370.1 . 

, 5 3.3 .5^arb^xym^^ 

lh , PY ,, m inn)Ath a nvl-2 3 3-trimethylindolenine 



To a stirred solution of 5-carboxymethyl-1 -(3,3-diethoxypro P y.)-2.3.3- 
tri methy.indo.enine-ethy. ester <1.16g, 3.09— in acetic anhydride (25m.) 
30 was added N,N'-dipheny.formamidine (908mg. 4.63mmol). The reacfon 
mixture was warmed to 1 1 0PC. After 30 minutes the so.ution was cooled 
and the reaction so.vent removed in vacuo. The product was purif.ed by 
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nR Rum column using 10-100% gradient 
HPLConaRaininDynamaxC18, Sumcolum 

• f water/acetonitrile (containing 0. 1 % TF A) over 60 minutes at 
elut,on of water/aceton.tr.i nale brown oil (634mg f 4-0%); rfi/z 

20ml/min. The product was obtained as a pale brown 

(FAB"): 521.2. 

in^arhnr.yani"", gthyj ester 

To a stirred solution of 5-ca,boxymethy,-1 - ( 3>diethoxypropy>)-2-(2-N-acetyl- 

N-phenylamino)ethenyt-2,3,3-tnmetnyunu tamn o rfrtU re 

oniH • acetic anhydride (5ml) at ambient temperature 
4.5:4.5:1 pyridine: acetic acid . acetic anny 

waS added a solution of 5-sul P honato-1 -<3,3-diethoxypropyl)-2,3,3- 
was aaaeu c pyridine: acetic acid: 

tri^ethylindolenine <67.7mg. 0.19mmo» ,n 4.5.4.5.1 pv 

acetic anhydride (5m,). The reaction mixture was warmed to 70 C 
™ e — - eooied and the reaction so,ent ^ = 
The prcduc, was purified hy HPLC on a nainin Dynamax CIS 8pm oc umn 
using a 10-100% gradient eiution 0, wa,er,ace,oni,ri,e (containing 0. 1 A 
air 60 minutes at 2 0m„min. The product was ohtained as a p,nx so„d 
„ |3 3mg, 24%); Xmax <MeOH> 555nm; m/z (FAB'>: 765.3. ■ 

163I1 me 1 h J d^^ 

pjHjpYriHin-B-ium 

25 6.7. 9 ,0-Tetrahyd,o-2-carhoxyme,hy,-14-suiphona t o.,6 3 1618,1B- 

. • _ro o *v?'-alDvranolo,z-c,o,o u ju.hy"" 
tetramethyl-7aH,8aH-bisindol.n.um[3,2-a,3 2 ajpy 

" m we prepared hy reaction o, s-catboxymethyi-S'suiphonato-l-d,-,^ 

d i Lypropyi.-indocatbocyanine. ethyi estet ,33mg. 0.044m m o„ ,n 

dieTnoxYH HY . . /0rri iv hv an analogous method to 

n sulDhunc acid (2ml) oy an a^aiuy 

» CWOr0,0rm 11 °T , ; Tne pto duc, was purified by HPLC on a Rainin 
- -sorihed in Section .4. The P-o ^ 

Dynamax C18 column us.ng a 0-100 h graa 
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.containing 0.1% TPA, over 60 minutes at 20mi,min. 

obtained as a pin, soiid ,18.7m,. 76%.. Xmax (MeOH) 5 63nm; m,z ,PAB ,. 



561. 
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3.6 



B z 3 , n.T..,.hvHm - ^" ^.mhnnam-ie.lS.IS.I .g. 

..~. m .«wl.7.H.8.H-bj 3 l tt^^ I T->--al Pvmno|3,2-c ; 5,6 , 
,.) Hin«ririin-5-iu- ■.i-h Y Hm»v, U rninimidvl este i 



To a mixture of O.iN-suooinimidyl-N.N.N-.N'.bislte.ramethvlenrtu.on.um 
nexafiuorophosphate <5mg, 0.012mm*!. and N.N'-diisop,opy,e,hy,am,ne 
,4 08mg. 0.032mmol> in dimethy. suboxide (500m» * ambien, temperature 
was added 6.7.9,10-tetrahyd,o-2-ca,boxyme,hyl-14-sulphona,o- 
,6,6 18 ,8-«e,ramethyl-7aH.8aH-bisindolinium[3,2.a.3'2'-alpyranol3.2- 
c ..5.6-c- W ipyridin- 5 -ium< 5 mg, 0.0089mm*). The reaotion was stirred 
Conversion to the N-hyd,oxysuccinimidyi ester derivative was conf.rmed by 

~r,A upi r usina a Phenomenex Jupiter C1 8 10um 
mass spectroscopy and HPLO using a r. e 

column. 

Examp.e 4. ^TJLlO^^^ ^ 2 

i^AS^etr^^ 

^^.^Hi pv/ridin-5-i. .m q lycinamirie (Compou nd!^ 



HOoS 




C0 2 H 



25 



To a mixture of o-.N-succinimidyi-N.N.N-.N'.bis.tetr.methyiene.uromum 
hexafiuorophosphate Omg. 0.0024mmol, and N. N '-diisop,opyie,hy,am,ne 
(0 82mg. 0.0032mmoi) in dimethyiformamide (100ml) a, -en, 
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temperature was added 6,7.9,1 0-tetrahydro-2-carboxymethy.-14-sulphonato- 
! 6 1 6 1 8, 1 8-tetramethyl-7aH,8aH-bisindolinium[3,2-a,3'2'-a]pyrano[3,2- 
c-5 6-c<]di P yridin-5-ium (1mg, 0.001 Bmmol). After 1 hour, glycine (0.2mg, 
0 0027 mmol) was added and the solution stirred for a further 3 hours. The 
pr0 duct was purified by HPLC on a Phenomenex Jupiter C18, 10,m column, 
using O-1000/o gradient eiution of water/acetonitri.e (containing 0.1% TFA) at 
4m./min.The product was obtained as a pink solid (0.22mg, 30%); m/z 
(Maldi): 618. 

Exam ple 5. jLT^LULIet^^ 4-sulphona to, 
■ ^6 1 a I P-t^ a methvl-7^L 8a H . hiHndolinium f3,2-a,3'?'-alpyrano[3,2, 
^^^•■ pvridin-S-ium. ^ aminoe thylrarhoxamide) (Compound V? 



15 



20 



25 



HOS 




To a mixture of 0-(N4uccinimidyl-N,N,N'.N'-bis(t e tramethylene)uron,um 
hexaf.uorophosphate (5mg, 0.01 2mmo.) and N,N'-diisopropylethylam,ne 
,4 08mg, 0.032mmol) in dimethylformamide (500ml) at ambient temperature 
was added 6 ,7,9,10-tetrahydro-2-carboxymethyl-14-sulphonato-16.16,18 18 
te tramethy.-7aH,8aH-bisindoliniu ml 3,2-a,3'2'-alpyranol3,2-c;5 ; 6-c']dipyrid 1 n- 

5-ium (5mg, 0.0089mmol). After 1 hour fert -buty.-N-<2-aminoethyl>- 
carbamate (1 .4mg. 0.0089mmol) was added and the solution stirred for a 
further 2 hours. The solvent was removed in vacuo. The product was 
dissolved in a 95% aqueous trif.uoroacetic acid solution and stirred for 2 
hours The product was purified by HPLC on a Phenomenex Jup.ter C18, 
lOum column, using gradient eiution of acetonitri.e/ water (containing 0.1% 
TFA). The product was obtained as a pink so.id (1.6mg. 30 %); m/z (FAB*): 
603.1. 
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Example 6 . 

r >^ irY riHin-R-itjm (rnmpnund VI) 



ho 3 s 




NH— CHO 



6.1 



S^RvmMmidometh:/' ->,?,VtrimftthvlindoleniP£ 



10 



15 



20 



To = stirred solution o, 2.3.3,-tnmethy.indoienine (20g. 126mmol> in 
concentrated suiphurio soid (100ml) a, embien, temperature was added 
portionwise N -hydroxyme,hylphtha,imide ,20 9 . 1 14mm*. After 70 hours 
L reaction mixture was poured onto ,oa and made baaic with concent ra»d 
ammonium hydroxide.' The resulting precipitate was filtered and dnad. 
product was obtained as a yellow solid I34.84g, 87%). 

6 .2 *-Aminnmethvl ZJu3 UUBaMariiBdaigniPS 

T „ a stirred aolution of 5- Ph «h. B m,do m e«h y l-2.3.3-trimeth V r,ndo,anine (10g, 
31 .4mmol1 in methanol <50m„ a. ambient temperature was added hydrazine 
hydrate (13.1. 40*nm* Attar 20 houra a precipitete was forntad. The 
.action mixture was ad)us,ad to pH 1 with 6M HC, and the solvent removed 
,„ vacuo . The solid obtained was suspended in ,M HO and filtered through 
cellte The filtrate was washed with dichloromathana ,3 x 40ml> and the 
aouaous phase adiuatad to pH 12 with 6N NaOH. then extracted w,,h 
dichloromethane ,3 x 40m„. The organic phase was dried over Na 2 S0 4 , 
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f „ tere d and concanrrarad ,n ,acoo ,0 9 iva a pa,a ya,,ow so«d ,4.93, 84%,; 
m / z (Maldi): 188. 

6 .3 ^Form^^^ 

? ^-trimethvlindolenine (4.98g, 
A stirred solution of 5-am.nomethyl-2.3.3 tr.metny 

. ion m i\ %A#a<: refluxed under a nitrogen 
26 5mmol) in methyl formate (30ml) was renuxe 

^apbara ,o, 22 boura. W — was ooo,ad - ~ 
* »««. Tha product was obta.nad aa pala brown o,l .5.4, 94 ft), m/z 

(FAB*): 217.1 . 

6 . 4 - Li3 J3JDiet^^ 
trimftthvlin dolenine 

was prepared by reaction of 5-<N-formyi)aminomethy.-2.3,3- 

• ,1 « 9 a Rmmol) with acrolein diethyl acetal (9g. 
trimethylindolenine (1mg, 24.8mmoi> wu 

69 , ml, and aoa«c ao,d „- in aoa.onirr.a ,40m„ b V an 

• • cation 1 2 The product was purified by HPLU 
method to that described in Section 1 .2. i ne p 

meinou 0-100% qrad ent elution of 

o 0 naRaininDynamaxC18,8^mcolumnus,nga0 100/og 

.ater/acetonitrile (containing 0.1% TFA) over 60 minutes at 2 m./mir ; Tbe 

* 

„ 0 (9 N nrrT v ^M-n hBnylam i "") athenv1 - 5 - 
25 sujfihjmato^^^ 

,n 9 (2 N-acetyl-N-phenylamino)ethenyl-5-sulphonato- 
1-(3,3-DiethoxypropyD-2-(2-N acexyi i h 

2 3 3-,nme,hy,,ndolsn,ns waa praparad by rsaobon of S-au.phona,o-1 ■ 
3 3 d:Lvp.opvO-,3.3— do,on,na.100rn, 0. 27 ^,preparad 
30 as daaor,bad in Sao,ion 3.2, w„b N.N' d.phanv—.d.ne^rn, 

0.405mmo„ ,n acado anhydrida ,20m„ by an ana,ogous matbod ,o ,bat 
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described in Section 3.3. The product was not purified, as decomposition 
was observed. The»product was obtained as a yellow oil. 

6.6 1 , 1 'Di-O^^diethoxvpropvD-S^N-formvDaminomethvl-S^sulDhonato- 
5 indocarbocvanine. 

To a stirred solution of 5-sulphonato-1 -(3,3-diethoxypropyi)-2-(2-N-acetyl-N- 
phenylamino)ethenyl-2,3,3-trimethylindolenine(37mg, 0.072mmol) in 
4.5:4.5:1 pyridine: acetic acid : acetic anhydride (5ml) at ambient temperature 
io was added a solution of 1 -(3 / 3-diethoxypropyl)-5(N-formyl)aminomethyl- 
2,3,3-trimethylindolenine (25mg, 0.072mmol) in 4.5:4.5:1 pyridine: acetic 
acid : acetic anhydride (5ml). The reaction mixture was warmed to 70°C for 

e 

5 hours. The solution was cooled and the solvent removed in vacuo. The 
product was purified by HPLC on a Rainin dynamax C18, 8|j.m column using a 
15 10-100% gradient elution of water/acetonitrile (containing 0.1% TFA) over 
60 minutes at 20ml/min. The product was obtained as a pink solid (16mg, 
15%); )imax (MeOH); 555nm, m/z (FAB + ): 726.1. 

6.7 6,7,9.1 0-Tetrahvdro-2-(N-formvl)aminomethvl-1 4-sulohonato- 
20 16,16.18.1 8-tetramethvl->7aH.8aH->bisindoliniumf3.2-a.3'2^ 

alpyranofS^-ciS.e-cHdipvridin-S-ium 

6,7,9, 1 0-Tetrahydro-2-(N-formyl)aminomethyl-1 4-sulphonato- 16,16,18,18- 

tetramethyl-7aH,8aH-bisindolinium{3,2-a,3'2'-a]pyranot3,2-c;5,6-c r ]dipyridin- 
25 5-ium was prepared by reaction of 1 ,1-Di-(3,3-diethoxypropyl)-5-(N- 

formyl)aminomethyl-5'-sulphonato-indocarbocyanine (5mg, 0.0069mmol) in 
chloroform (5ml) and 50% sulphuric acid (1ml) by an analogous method to 
that described in Section 1 .4. The product was purified by HPLC on a Rainin 
Dynamax C18, 8fxm column using a 0-100% gradient elution of 
30 water/acetonitrile (containing 0.1 % TFA) over 60 minutes at 20ml/min. The 
product was obtained as a pink solid (3.3mg, 90%); Xmax (MeOH) 564nm; 
m/z (Maldi): 560. 
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6.8 6.7.9. 10-Tetrahvdro-2-aminomethvl-1 4 -sulohonato-1 6,1 6,1 8 f 1 8- 
tRtramethvi^aH.aaH-bisindo nniumfS.Z-a^^^alpyranofa^-c^^- 

cMdipyridin-5-ium 

A solution of 6,7,9, 1 0-tetrahydro-2-(N-formyl)aminomethyl-1 4-sulphonato- 
16,16J8J 8-tetramethyl-7aH,8aH-bisindolinium[3 # 2-a r 3 f 2'-a]pyrano[3,2- 
c;5,6-c']dipyridin-5-lum (2mg) in cone. HCI: methanol [1:12] (5ml) was stirred 
for 1 2 hours. The reaction solvent was removed in vacuo and the product 
purified by HPLC on a Phenomenex Jupiter C18, 1 O^m column using 0-100% 
gradient elution of water/acetonitrile (containing 0.1% TFA) over 30minutes 
at 4ml/min. The product was obtained as a pink solid (1.9mg, 50%); Xmax 
(MeOH) 560nm; m/z (Maldi): 532. 

Example 7. 6.7.9.1 Q-Tetrahvdro-2-hv Hroxvethvl- 16.16,18,1 8-tetramethy l^ 
7aH.8aH-bisindoliniumf3.2-a.3-2 / -a1 pyrano[3 l 2 -c;5 r 6-cHdipyridin-5-ium 

* — — ^ 

(Compound VII) 




7.1 B-Hvdroxvftthvl-2:3.3 -trimethvlindolenine 

To a stirred solution of 4-(2-hydroxy)ethyl-aniline <10g, 73mmol) in a 3:2 
water: cone. HCI (73ml) solvent mixture at <0°C was added dropwise a 
cooled (<0°C) solution of sodium nitrite (6g, 73mmol) in water (86ml). The 
reaction mixture was then maintained at the reduced temperature for a further 
30 minutes. A saturated solution of sulphur dioxide (1 50ml) was added and 
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the reaction warmed to ambient temperature over 1 hour, then warmed for a 
further hour.at 70°C. -The reaction mixture was cooled rapidly and the solvent 
removed in vacuo. The yellow hydrazino intermediate product obtained was 
redissolved in acetic acid (120ml) and potassium acetate (16g, 163mmol), 
and methyl-isopropyl ketone (1 5.5g, 1 80mmol) added at ambient 
temperature. After 30 minutes the reaction mixture was warmed to 90°C and 
stirred for a further 2 hours. The reaction mixture was cooled and the solvent 
removed in vacuo. The product was dissolved in dichloromethane (100ml) 
and washed with water (2 x 50ml). The organic phase was dried over 
MgS0 4 , filtered and concentrated in vacuo. The product was purified by 
HPLC on a Rainin Dynamax CIS, 8^m column using a 0-100% gradient 
elution of water/acetonitrile (containing 0.1% TFA) over 60 minutes at 
20ml/min. The product was obtained as a yellow oil (1 .18g, 8%); m/z 
(FAB*): 204.1. 

7 .2 Lf3 ^-nmthoxYp m pvn-R-hvdm v y^hvl-2.3.3-trimP.thvlindolenine 



1-(3,3-Diethoxypro P yl)-5-hydroxyethyl-2,3,3-trimethylindolenine was prepared 
by reaction of 5-hydroxyethyl-2,3,3-trimethylindolenine (118mg. 0.072mmol) 

» with acrolein diethyl acetal (1 .1 3 0 ; 8.68mmol) ( acetic acid (1 00,il) in 

acetonitrile (4ml) by an analogous method to that described in Section 1 .2. 
The product was purified by HPLC on a Phenomenex Jupiter C18, 10nm 
column using a 0-100% gradient elution of water/acetonitrile (containing 
0.1% TFA) over 30 minutes at 4ml/min. The product was obtained as a pale 

25 brown oil (24mg, 1 2%); m/z (Maldi): 331 . 



30 7.3 g-S..i phnn«to-1- P ^-Hi*thnxv D ronvl)-?-(?-N-a C et Y l-N- 

,h«nvlamino)eth«nvl-2.3.3-trimethvlin dolenine 



40 



WO 99/31181 



PCT/US98/26665 



3 



15 



30 



5-Sulphonato-1-(3 ( 3-diethoxvpropvl)-2-(2-N-acet Y l-N-phenylamino)ethenyl- 

2.3.3-trimethylindolenine was prepared by reaction of 5-sulphonato-1 - 
(3,3'diethoxypropyl)-2,3,3-trimethylindolenine dOOmg. 0.27mmol) tprepared 
as described in Section 3.2] with N,N'-diphenylformamidine (79mg, 
0.405mmol) in acetic anhydride (20ml) by an analogous method to that 
described in Section 3.3. The product was not purified, as decomposition 
was observed. The product was obtained as a yellow oil. 

7.4 l -<3.3-Pietho v yprnovn-5-h yrirnxvethvl-indocarbocyanine 

To a stirred solution of 5-sulphonato-1 -(3,3-diethoxypropyl)-2-(2-N-acetyl-N- 
phenylamino)ethenyl-2,3,3-trimethylindolenine (30mg, 0.06mmol) in 
4.5:4.5:1 pyridine: acetic acid : acetic anhydride (5ml) at ambient temperature 
was added a solution of 1-(3,3'-diethoxypropyl)-5-hydroxyethyl-2,3,3- 
trimethylindolenine (20mg, 0.06mmol) in 4.5:4.5:1 pyridine: acetic acid : 
acetic anhydride (5ml). The reaction mixture was warmed to 70°C for 5 
hours. The solution was cooled and the reaction solvent removed in vacuo. 
The product was purified by HPLC on a Phenomenex Jupiter C18. 10um 
column using a 0-100% gradient elution of, water/acetonitrile (containing 
0.1 % TFA) over 30 minutes at 4ml/min. The product was obtained as a pink 
solid (8.6mg, 10%). Imax (MeOH) 555nm; m/z (Maldi):712. 

7.5 R7.9.1 0-Tet™hyHro-2-hvdrny vftthvt- 16, 1 6 ,18,1 8-tetramethyl- 
7,H aaH-bisipH.nnh.mr^ 2-a.3' ? '- a l n v rano[3 ,2-r-5 6-n'1dipyridin-5-ium 

6(7/9 , -i o-Tetrahydro-2-hydroxyethyl-1 6,16,1 8, 1 8-tetramethyl-7aH,8aH- 
bisindolinium[3,2-a,3'2'-a]pyrano[3,2-c;5,6-c']dipyridin-5-ium was prepared 
by reaction of 1 ,l-di-(3,3'diethoxypropyl)-5-hydroxyethyl-indocarbocyanine 
(4.3mg, 0.06mmol) in chloroform (5ml) and 50% sulphuric (1ml) according to 
the method described in Section 1 .4. The product was purified by HPLC on a 
Phenomenex Jupiter C18, 10^m column using a 0-100% gradient elution of 
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water/ acetonitrile (containing 0.1 % TFA) over 30 minutes at 4ml/min. The 
product was obtained as a pink solid <2.8mg,90%), Xmax 565nm; m/z 
(Maldi): 547. 

Example 8. fi ,7.B.1Q-Tetrahvdro-1 4-c a rhnwmethvl-1 6 1 6-dimethyl-7a-8a- 
h P n 7 nthia7olen inP-inriol e nine-[? ?-^-^n^hiaznlvir3'2'-al-pyranor3 t 2-c;5 r 6- 

r/ldiovridin-5-ium (C ompound VIII) 



10 




COOH 



15 



20 



8.1 1-(3.3-Diethnxvoropv l)-2-methvlhen7Qthiazole 

1-(3,3-Diethoxypropyl)-2-methyl-benzothiazole was prepared by reaction of 2- 
methylbenzothiazole ( 1 25mg, 0.84mmol) with acrolein diethyl acetal (1.64g, 
12.6mmol) and acetic acid (100ul) in acetonitrile (4ml) by a method 
analogous to that described in Section 1 .2. The product was purified by 
HPLC on a Rainin Dynamax C18, Sum using a 0-100% gradient elution of 
water/acetonitrile (containing 0.1 % TFA) over 60 minutes at 20ml/min. The 
product was obtained as a colourless oil (220mg, 95%); m/z (FAB + ): 280. 
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30 



8.2 ^-r. a rhoxvmet h Y i-l-(3.3-diethnxvpropyl)-2-(2-N-acetyt-N- 
r K„„ Y i a minn^th e nv l -9 3 3-trimethvtindolenine, ethyl ester 

5-Carboxymethyl-1-(3,3-diethoxypropyl)-2-(2-N-acetyl-N-phenylamino)ethenyl 
2,3,3-trimethylindolenine, ethyl ester was prepared by reaction of 5- 
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carboxymethyl-1-(3,3-diethoxypropyl)-2,3,3-trimethylindoline, ethyl ester 
[prepared as described in Section 1.2] (1.1 6g, 3.09mmol) with N,N'- 
diphenylformamidine (908mg, 4.63mmol) in acetic anhydride (25ml) by a 
method analogous to that described in Section 3.3. The product was purified 
by HPLC on a Rainin Dynamax C18, 8nm column using 10-100% gradient 
elution of water/acetonitrile (containing 0. 1 % TFA) over 60 minutes at 
20ml/min. The product was obtained as a pale brown oil (634mg, 40%). m/z 
(FAB"): 521 . 

8.3 1 4-Carboxymethvl-1 , 1 r -di(dietho xvDroovl)-benzthiazolenine- 
indocarbocvanine, e thvl ester 

To a stirred solution of 5-carboxymethyl-1-(3 r 3-diethoxypropyl)-2-(2-N-acetyl- 
N-phenylaminoJethenyl^^^-trimethylindolenine, ethyl ester (28mg, 
0.054mmol ) in 4.5:4.5:1 pyridine: acetic acid : acetic anhydride (5ml) at 
ambient temperature was added a solution of 1 -(3,3-diethoxypropyl)-2-methyl- 
benzothiazole (15.1mg, 0.054mmol) in 4.5:4.5:1 pyridine: acetic acid : acetic 
anhydride (5ml). The reaction mixture was warmed to 70°C for 5 hours. The 
solution was cooled and the reaction solvent removed in vacuo. The product 
was purified by HPLC on a Phenomenex Jupiter CI 8, 10^m column using a 0- 
100% gradient elution of water/acetonitrile (containing 0.1% TFA) over 30 
minutes at 4ml/min. The product was obtained as a pink solid (14.3mg, 
20%), Amax 549nm; m/z (FAB + ): 665.3. 

8.4 6.7.8.1 O-Tetrahvdro-1 4-carboxymeth vM 6.1 6-dimethvl-7a-8a- 

henzathiozo^nine-indolenine-rS^-a.S^^alpyranofS^-c^^ -cndipvridin 

5-ium 

6,7,8, 10-Tetrahydro-14-carboxy methyl- 1 6,1 6-dimethyl-7a-8a- 
benzathiozolenine-indolenine-[3,2^ 

was prepared by reaction of (name)(5mg, 0.0075mmol) in chloroform (5ml) 
and 50% sulphuric acid (1ml) by an analogous method to that described in 
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section 1 .4. The product was purified by HPLC on a Phenomenex Jupiter 
C18, 10um column using a 0-100% gradient elution of water/ acetonitrile 
(containing 0.1% TFA) over 30 minutes at 4ml/min. The product was 
obtained as a pink solid <3.2mg, 90%); Xmax 562nm; m/z (Maldi): 471 . 

Example 9. fi, 7.R.8a.9.m-HB*ahvdro -9 1 4-disul P honato-8-(4-carboxy- 

anmnojt£L6J-6J^A^ 
rv5.6-c'1ri i pvridin-5-ium (Com pound IX) 



10 



15 



ho 3 s 




SQ 3 H 



C0 2 H 



20 9.1 



1 1-Di-(3.3-d^thn X vnroDvi )-R,B'-disulDhonato-indocarbocvanine 



25 



1 ,i-Di-(3,3-diethoxypropyl)-5,5'-disulphonato-indolcarbocyanine was prepared 
by the reaction of 1 -diethoxypropyl-5-sulphonato-2 ( 3,3-trimethylindolenine 
(25.4mg, 0.069mmol) [prepared as described in Section 3.2) with triethyl 
orthoformate (40.7mg, 0.275mmol) in pyridine (5ml) by an analogous method 
to that described in Section 1 .3. The product was purified by HPLC on a 
Rainin Dynamax C18. Sum column using a 0-100% gradient elution of water/ 
acetonitrile over 60 minutes at 20 ml/min. The product was obtained as a 
pink solid (6.3mg, 12%); Xmax (MeOH) 555nm; m/z (Maldi):750. 



30 
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10 



15 



92 fi7 fl.8a.9.1 Q-H^hvdro-2 1 A-disulohonato-8-(4-carboxy-anilino)- 

i «, i Pi , 1 a.1 8-tetr»mathvl-7a H -his-indolinHimf3.2-a;3'?'-a'lPVrido[3,2- 

r. ;fi f 6-c'1dipyridin-5-ium 

To a stirred solution of 1 ,1 -di-(3,3-diethoxypropyl)-5.5'-disulphonato- 
indolcarbocyanine (2mg, 0.0027mmol) in anhydrous acetic acid (2ml) was 
added 4-hydrazinophenyl acetic acid <0.89mg, 0.0054mmol) and reaction 
was warmed to 100°C. After 10 minutes the solution was cooled and the 

< 

reaction solvent removed in vacuo. The product was purified by HPLC on a 
Phenomenex Jupiter C18. 10um column using a 0-100% gradient elution of 
water/ acetonitriie (containing 0.1 % TFA) over 30 minutes at 8ml/min. The 
product was obtained as two diastereomeric compounds, both were 
pink/purple solids (0.04mg, 2%, 0.06mg. 3%). Xmax (MeOH) 563nm; m/z 
(FAB + ): 717.21, (FAB + ): 717.20. 

Example 10 6 , 7 , 9 , 1 n-TAtrahvdro- 1 4-carhoxymethyl- 1 fi , 1 6-dimethyl-7a-8a 
n M i nnlinn-indolon., im -r^ 2- a .3' 2 '- a l- nvrano[3,2 -c-Rfi-c/ldipyridin-5-ium 

(Hnm pound X) 



20 




COOH 



25 



30 



10.1 1-p-M .3-D»ovalan-2-vheth Yn"2-methvl-nninoline bromide 

2-Methyl quinoline (1.6g, 0.01 Imol) and 2-(2-bromoethyl)-1 ,3- 
dioxolane (7.7g, 0.043mol) were heated together at 85°C for 16hrs. On 
cooling the reaction mixture was diluted with diethyl ether and the resultant 
solid filtered off, washed with ether and dried. 1 -[2-0 ,3-dioxalan-2-yl)ethyll 
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2-methyl-quinoline bromide was obtained as a brown solid (0.98g, 27%). m/z 
(FAB*) 244. 

10.2 ^-r a rhoxvmetb V '-i-^ ^-diethnxvnropvl)-2-(2-N-acetyl-N- 
pK a n Y i am inn>»thenvl-2 3 3-trimethvlindntenine ethyl ester 

5-Carboxymethyl-1-(3,3-diethoxypropyl)-2-(2-N-acetyl-N-phenylamino)ethenyl- 

2,3,3-trimethylindolenine ethyl ester was prepared by reaction of 5- 
carboxy methyl- 1 -(3,3-diethoxypropyl)-2,3,3-trimethylindoline ethyl ester 
[prepared as described in section 1.2] (1.1 6g, 3.09mmol) with N,N'- 
diphenylformamidine <908mg, 4.63mmol) in acetic anhydride (25ml) by a 
method analogous to that described in Section 3.3. The product was purified 
by HPLC on a Rainin Dynamax C18 column using 10-100% gradient elution of 
water/acetonitrile (containing 0.1 % TFA) over 60 minutes at 20ml/min. The 
product was obtained as a pale brown oil (634mg, 40%). m/z (FAB + ): 521 

10.3 i4-Carboxvm gth Y l-1-l2- n , a-dioxa»an-7-vl)ethyl]-V-(3,3- 
HiRthoxvororyl)-nuinoli r .n-indocarbncvanine, ethyl ester. 

*•' 

To a stirred solution of 5-carboxymethyl-1-(3,3-diethoxypropyl)-2-(2-N-acetyl- 
N-phenylamino)ethenyl-2,3,3-trimethylindolenine ethyl ester (16.1mg, 
0.031 mmol ) in ethanol (0.5ml) at ambient temperature was added a solution 
of 1-t2-(1 ,3-dioxalan-2-yl)ethyl]-2-methyl-quinoline T bromide (10mg, 
0.031 mmol) in ethanol (0.5ml) and triethylamine (125^1, O.Smmol). After 1 
hour the reaction solvent was removed in vacuo and the product purified by 
HPLC on a Phenomenex Jupiter C18, 10mm column using a 0-100% gradient 
elution of water/acetonitrile (containing 0.1 % TFA) over 30 minutes at 
4ml/min. The product was obtained as a purple solid <10mg, 51%), Xmax 
567nm; m/z (FAB*): 629. 



) 



10 .4 6 1 9 in-Tetrah Y ^^-^-^rhoxv ^th Y l-1fi.16-dimethvl-7a-8a-guinolino 
i n dolenine-ja 2 ^3^alByxanol3 9-r-5 , fi-r/ldipyridin-5-ium 
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6 ( 7,9.10-Tetrahydro-14-carbox V methyl-16.16-dimethyl-7a-8a-quinoline- 
indolenine-l3,2-a,3'2'-a]pyrano(3,2-c;5,6-c']dipyridin-5-ium was prepared by 
reaction of (1 4-carboxy methyl- 1 ,3-dioxalan-2-yl)ethyll-1 '-(3,3- 
diethoxypropyD-quinolino-indocarbocyanine, ethyl ester (5mg, 0.0079mmol) 
in chloroform (2ml) and 50% sulphuric acid (0.4ml) by an analogous method 
to that described in section 1 .4. The product was purified by HPLC on a 
Phenomenex Jupiter C18, 10mm column using a 0-100% gradient elution of 
water/ acetonitrile (containing 0.1 % TFA) over 30 minutes at 4ml/min. The 
product was obtained as a purple solid <1.6mg, 44%); Xmax 584nm; m/z 
(FAB + ):465. 

Example 1 1 . Pr oration of P ^H Cv-3-Cv-5 Conjugate (Compound (X) 



/ , \ ^ .CO— NM ^ / _ \ <^-Z>^ 




5 



To a mixture of 0-(N-succinimidyl-N,N,N',N'-bis(tetramethylene)uronium 
hexafluorophosphate (1mg, 0.0024mmol), and N,N'-diisopropylethylamine 
(0.68mg. 0.007mmol) in dimethyl sulphoxide (100nD at ambient temperature 
was added 6,7,9, 10-tetrahydro-2-carboxymethyl-1 4-sulphonato-6,1 6,1 8,1 8- 
t etramethyl-7aH,8aH-bisindolinium[3,2-a,3'2'-alpyrano[3,2-c;5,6-c']di P yridin- 

5-ium (1mg, 0.001 Smmol). After 1hour diisopropylethylamine (0.23mg, 
0.0018mmol) and a solution of 5-aminomethyl-5'-sulphonato-1-methyl-1 '- 
ethylindodicarbocyanine (0.9mg, 0.001 Smmol) in dimethyl sulphoxide 
(100m) was added at ambient temperature. After a further 48 hours the 
product was purified by HPLC on a Phenomenex Jupiter C1 8, 10nm column 
using a 0-100% gradient elution of water/ acetonitrile (containing 0.1% TFA) 
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over 30minutes at 4ml/min. The product was obtained as a blue solid; X 8bs 
(MeOH) 561 nm and A em 647nm; m/z (FAB + ): 1 050. 

Example 1 2. Prnt«in:Pepti HA Polarization Rinding Assa' 

1 2.1 S ynthesis nf labelled peptide liaand 

A peptide of sequence E-pY-l-N-Q-S-V-P-K (E9K) was prepared by solid phase 
synthesis on an Applied Biosystems 431 A peptide synthesizer using standard 
methods and materials. An excess of 6,7,9,1 0-tetrahydro-2-carboxymethyl- 
1 4-sulphonato-1 6,16,18,1 8 -tetramethyl-7aH,8aH-bisindolinium[3,2-a:3'2'- 
a'lpyranol3.2-c;5,6-c']dipyridin-5-ium (Compound III), N-hydroxysuccinimide 
ester was coupled in DMSO in the presence of diisopropylethylamine to the 
free N-terminus of the protected peptide whilst still attached to the solid 
phase. After deprotection for two hours, the crude labelled peptide was 
purified by reverse phase HPLC, using a gradient from water/0.1 %TFA to 
watenacetonitrile (40:60)/0.1 %TFA over 60 minutes. 



20 



25 



30 



12.2 Rinding assay 

« 

Various concentrations of Grb2 glutathione-S-transferase fusion protein and 
E9K labelled with Compound III in 20mM MOPS P H7.4/10mM DTT/005% 
Tween 20 were incubated in a final volume of 1 50ul in black 96-well 
microplates (Dynatech) for 60 minutes. Non-specific binding was defined 
using 100uM unlabelled peptide. Polarization values were read on a Fluorolite 
FPM2™ plate reader (Jolley Research and Consulting Inc.) using a 530DF30 
filter for excitation and 590DF45 filter for emission. The results are shown in 
Figure 6 and indicate the specific binding (as determined by change in 
polarization) of the Compound Ill-labelled peptide with the Grb2 protein. 

Example 13 Nucjejc FRET Hybridization Assay 
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13.1 Probe pre parations 

Unlabeled target oligonucleotide (5'TAC CCA GAC GAG CAA-biotin 3') and 
complementary unlabeled probe oligonucleotide (5' TTG CTC GTC TGG GTA 
3') were synthesised on an Applied Biosystems 391 DNA synthesiser using 
standard methods and materials. The oligonucleotides were deprotected for 
17 hours at 40°C and purified by reverse phase HPLC using a CI 8 column 
and a 40% TEAA/acetonitrile gradient. The desired peaks were collected, 
freeze dried and the samples were resuspended in sterile H 2 0. 

A second set of target and probe oligonucleotides were synthesised as 
described, but an amino group was added to the 5' terminal {5X7 amino- 
modifier TAC CCA GAC GAG CAA-biotin 3' and 5' C7 amino modifier TTG 
CTC GTC TGG GTA 3'). 

Amino modified target and probe oligonucleotides were incubated with a 10- 
fold molar excess of 6,7,9, 1 0-tetrahydro-2-carboxymethyl-1 4-sulphonato- 
1 6,1 6,1 8,1 8-tetramethyl-7aH,8aH-bisindolinium[3,2-a:3'2'-a']pyrano[3,2- 
c;5,6-c']dipyridin-5-ium (Compound III), N-hydroxysuccinimide ester and Cy5 
NHS-ester dye (Amersham Pharmacia Biotech) respectively, in 0.1M sodium 
bicarbonate buffer (pH9), overnight at 22°C. The following morning, the 
oligonucleotides were ethanol precipitated and the resulting pellets were 
resuspended in H 2 0. Labelled oligonucleotides were purified by reverse phase 
HPLC using a C18 column and a 60% TEAA/acetonitrile gradient and the 
desired peaks collected and freeze dried. Residues were resuspended into 
H,0 and concentration of recovered material was determined. 



1 3.2 Rinding assay 



Wells of a black, streptavidin coated 96-well plate were coated with either 
unlabeled or Compound Ill-labelled target oligonucleotides (20pmol/well 
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diluted in 100|il PBS/1 MgCI 2 ) for 120 minutes at ambient temperature. Any 
unbound material was removed by washing wells vigorously with assay buffer 
(PBS/1 mM MgCI 2 /0.1 % BSA). Unlabelled or Cy5-labelled probe 
oligonucleotides were diluted to 0.2pmol/jil assay buffer, and 100^1 was 
5 incubated with coated wells at^ambient temperatures for 1 20 minutes to 
allow probe hybridisation. Finally, wells were washed vigorously with PBS 
and fluorescence intensity was measured on a fluorescence plate reader using 
a 560nm excitation filter and a 670nm emission filter (Figure 7). 



10 Wells coated with unlabelled target oligonucleotide and incubated with either 
unlabelled or Cy5-labelled probe gave residual background fluorescence 
signals. Similarly, wells coated with Compound Ill-labelled target 
oligonucleotide and incubated with unlabelled probe gave low fluorescence 
signals. Wells coated with Compound Ill-labelled target oligonucleotide and 

15 incubated with Cy5-labelled probe gave a strong fluorescence signal 
demonstrating that FRET can occur between Compound III and Cy5. 

Example 14. Protein:DNA Direct Intensity Binding Assay 

V 

e 

20 14.1 Preparation of reagents 

All HPLC purified oligonucleotides were obtained from Genosys 
Biotechnologies Ltd. Equimolar ampunts of a biotinylated coding strand (5' 
Biotin-GATCTAGGGACTTT CCGCG 3') and an unmodified non-coding strand 
25 (5' ATCCCTGAAAGGCGCCTA 3') specific for NF-kB were incubated together 
in a boiling water bath for 3 minutes and allowed to anneal by cooling over 2 
hours. 

Anti-GST antibody (3mg/ml, 1.5mg supplied/vial (0.5ml) from Molecular 
30 Probes) was dialysed against 1 litre of 0.1 5M sodium chloride for 4 hours at 
room temperature and dialysis was continued overnight at 4°C in a fresh 
solution of 0.1 5M sodium chloride. The following morning the antibody was 
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diaiysed against 1 litre of 0.1 M sodium hydrogen carbonate for a maximum of 
4 hours. 

A tmg/ml solution of 6,7,9, 1 0-tetrahydro-2-carboxymethyl-1 4-sulphonato- 
1 6, 1 6, 1 8, 1 8-tetramethyl-7aH,8aH-bisindolinium[3,2-a:3'2'-a']pyrano[3, 2- 
c;5,6-c']dipyridin-5-ium (Compound III), N-hydroxysuccinimide ester in DMSO 
was added gradually with stirring to the antibody at a ratio of 0.1 Omg dye: 
0.33mg antibody. The solution was mixed for a further 45 minutes at room 
temperature in the dark. Free dye was removed by dialysis against 1 litre of 
0.1 5M sodium chloride for 4 hours at room temperature and overnight at 4°C 
against 1 litre of fresh 0.1 5M sodium chloride. Finally, the antibody was 
diaiysed against 1 litre of 0.01 M PBS/0.01 % sodium azide for 4 hours at 
room temperature and then overnight at 4°C against 1 litre of 0.01 M 
PBS/0.01 % sodium azide. [All dialyses were performed in the dark following 
labelling.] 

1 4.2 Binding assay 

Biotin-labelled NF-kB-specific dsDNA (2.5 pmol, diluted in 0.01 MMgCI 2 ) was 
added to each well (final volume, 1 0O^il) of a 96-well streptavidin coated 
microplate (Boehringer Mannheim) and incubated at room temperature for 2 
hours. Following washing with 0.01 M phosphate buffer (pH7.5) containing 
0.05% Tween 20, 5pmol/well of p65GST was added in 10mM Hepes, 
0.2mM sodium acetate, 0.05% NP40, 1mg/ml BSA and 5mM DTT (blanks 
contained no p65GST), in the presence or absence of either 200pmol/well 
p65 (specific competitor) or casein (non-specific competitor). Both proteins 
were diluted in the Hepes buffer as above; final well volume was 100(^1. The 
plate was agitated at room temperature for 30 minutes and left to stand for a 
further 30 minutes. Following washing in PBS buffer as above, detection was 
achieved with 50pmol/well Compound Ill-labelled anti-GST Ab in Hepes buffer 
as above, 100^1 final well volume. Finally, the plate was washed with PBS 
buffer, as above and lOOjil analar water was added to each well. The plate 
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was read at Ex535/Em569 and Ex560/595 in the Biolumin 960 fluorescence 
microplate reader (Molecular Dynamics Inc.). The results are shown in Figure 
8. 

5 Detection with Compound Ill-labelled anti-GST produced a good signal of 

around 10,000 rfu with a corresponding S/N ratio of between 101:1 (Ex 

560/Em595) and 123:1 (Ex535/Em569). Specificity was demonstrated using 
« 

a 40 fold molar excess of a specific competitor, p65 which reduced the total 
signal by approximately 90%. A non-specific competitor, casein reduced the 
io total signal by only 25%. 

Example 15. Protein:DNA FRET Binding Assay 
1 5.1 Preparation of reagents 

15 

All HPLC purified NF-kB-specific oligonucleotides were obtained from Genosys 
Biotechnologies Ltd: a coding strand modified with a 5' terminal primary 
amine (5' NH 2 -GATCTAGGGACTTTCCGCG 3') and an unmodified non-coding 
strand (5' ATCCCTGAAAGGCGCCTAG 3'). A 10-fold molar excess of Cy-5- 

20 NHS ester dye (Amersham Pharmacia Biotech) was incubated with the coding 
strand, in 0.1M sodium bicarbonate buffer <pH9), overnight at 22°C. The 
following morning the oligonucleotide was ethanol precipitated and then 
resuspended in water. The labelled coding strand was purified by reverse 
phase HPLC using a C18 column and a 60% TEAA/acetonitrile gradient. The 

25 peak containing labelled oligonucleotide was freeze dried and resuspended in 
water. 

NF-kB-specific double stranded (ds) DNA was generated by incubating 
together equimolar amounts of the Cy-5 labelled coding strand (5' Cy5- 
30 GATCTAGG GACTTTCCGCG 3') and the unmodified non-coding strand (5' 
ATCCCTGAAA GGCGCCTAG 3') in a boiling water bath for 3 minutes and 
allowing to anneal by cooling over 2 hours. 
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• NF-kB p65 protein (260rng) was diluted to 1000|il in 0.01 M phosphate 
buffered saline. A 20 fold molar excess of 6,7,9 ,1 0-tetrahydro-2- 
carboxymethyl-1 4-sulphonato-1 6,1 6,1 8,1 8-tetramethyl-7aH,8aH- 

5 bisindolinium[3,2-a:3'2'-a f ]pyrano(3,2-c;5,6-c']dipyridin-5-ium (Compound III), 
N-hydroxysuccinimide ester (as a 1 mg/ml solution in DMSO) was incubated 
with the protein at 22°C with agitation for 2 hours (in the dark). The labelled 
protein was dialysed against three changes of 0.01 M phosphate buffered 
saline/0. 5M NaCI/ 3mM EDTA/2mM DTT at 4°C (in the dark, 4hours/ fresh 

m buffer). 

15.2 Binding assay 

A black microtitre plate (Dynatech) was used for the FRET assay. Compound 
15 Ill-labelled p65 (20 pmol) was incubated in 10mM Hepes, 0.2mM sodium 
acetate, 0.05% NP40, 1 mg/ml BSA and 5mM DTT with 10pmol of Cy5 
labelled NF-kB-specific double stranded (ds) DNA in the presence or absence 
of either 200pmol/weLI p65 (specific competitor) or casein (non-specific 
competitor). Both proteins were diluted in the Hepes buffer, to give a final 
20 well volume of 10Q|ul. Wells containing Compound Ill-labelled p65 only were 
used as the blank. The plate was incubated with agitation for 30 minutes at 
22°C (in the dark) and left to stand for a further 30 minutes. The plate was 
read at Ex520/Em670 in t(ie Biolumin 960 fluorescence microplate reader 
(Molecular Dynamics Inc.). The results are shown in Figure 9. 

25 

A signal of 2000 rfu was obtained in the FRET assay with a corresponding 
S/N ratio of 4:1 . Specificity was demonstrated using a 10 fold molar excess 
of a specific competitor, p65, which reduced the total signal by 40%. A non- 
specific competitor, casein had no effect on the total signal. 

30 

Example 16. Receptor Ligand Binding Assay using Fluorescence Polarization 



53 



WO 99/31181 

1 6.1 Preparation of Reagents. 



PCT/US98/26665 



A sample of 6,7,9, 1 0-tetrahydro-2-carboxymethyl-1 4-sulphonato- 
5 1 6, 1 6, 1 8, 1 S-tetramethyl-yaH^aH-bisindoliniumia^-aia'a'-a'JpyranolS^- 
c;5,6-c']dipyridin-5-ium (Compound III), N-hydroxysuccinimide ester (1mg) 
was reacted with 1 mg of telenzepine amine congener* in dimethylsulphoxide 
in the presence of 5%v/v triethylamine. The reaction was allowed to continue 
for 2 hours at ambient temperature in the dark. The compound Ill-telenzepine 
io product was purified from the starting material by reverse phase HPLC using a 
C18 column and a 60% water/acetonitrile gradient in the presence of 0.1 % 
trifluoracetic acid. The product peaks were collected, freeze dried in the dark 
and resuspended in dimethyl sulphoxide. This was aliquoted and stored 
frozen at -20°C in the dark. 

15 

Chinese hamster ovary cells stably expressing the muscarinic receptor 
(CHO Mt cells) were grown in HAMS F12 media (Sigma) with 10% foetal 
bovine serum (BRL); 2mM glutamine; 50 lU/ml penicillin, streptomycin; 
125jag/ml geneticin (Sigma), maintained at 37°C with 5% C0 2 in a humidified 
20 incubator. The>ceils were expanded into roller bottles, purged with 5% C0 2 
and left in a roller bottle incubator at 37°C for 4 days. 

The cells were harvested by scraping into cold phosphate buffered saline pH 
7.3 (PBS tablets ; Sigma) and pelleted by centrifugation at 1400rcf at 4°C in 

25 a MSE Mistral 3000i centrifuge. Cells were resuspended in cold 5mM MgCI 2f 
50mM Tris pH7.5 homogenisation buffer and left on ice for 20 minutes before 
cell lysis using the Parr cell disruption apparatus (Parr Cat. N°. 4639, 45ml) 
using 900psi of nitrogen. Any non-disrupted cells were removed by 
centrifugation at 1400rcf and the supernatant was removed and further 

30 centrifuged at 18000rpm in the Beckman J2-21M/E centrifuge for 20 minutes 
at 4°C. The resulting pellets were resuspended in cold homogenisation buffer 
and centrifuged at 1 8000rpm as before. The cell membrane pellets were 
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resuspended in approximately 15ml of homogenisation buffer, aliquoted and 
frozen in liquid nitrogen for storage at -70°C. 

*Telenzepine amine congener was provided by Research Biochemicals 
5 International as part of the Chemical Synthesis Programme of the National 
Institute of Mental Health, Contract N01 MH30003. 

16.2 Binding assay 

io Aliquots of CHO IV^ cell membrane (50jLtg) was added to wells of a black 

microtitre plate containing a range of dilutions of the M<, muscarinic receptor 
antagonists atropine and TAC (5000nM-0.064nM). The plate was then 
measured on the Fluorolite FPM-2™ where background polarization values 
were determined (excitation filter 530nm; emission filter 590nm). After 

15 addition of Compound lll-telenzepine ligand (4nM final concentration) the plate 
was sealed and incubated at 22°C in the dark on a microtitre plate shaker. A 
final reading was taken after 80 minutes. From the polarization data 
obtained, competition curves were generated for both atropine and TAC, 
using non-linear regression and one-site binding analysis (GraphPad Prism 2.0 

20 data manipulation package). 

The curves in Figure 1 0 show specific polarization readings plotted against 
log 10 molar concentration unlabelled ligand. A specific signal of 190mP was 
obtained and the IC 50 values determined from this experiment were 4.1nM for 
25 atropine and 28nM for the unlabelled TAC. 
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Claims 



1 . A compound of formula: 




optionally substituted by groups R 2 - R 9 , wherein groups R 6 , R 7 , R 8 and R 9 are 
attached to the rings containing X and Y or, optionally are attached to atoms 
of the Z a and Z b ring structures; 

R 2 to R 9 which are the same or different include -R 10 and -L-R 10 where R 10 is 
selected from neutral groups that reduce water solubility, polar groups that 

V' 

increase water solubility, functional groups that can be used in labelling 
reactions, reactive groups, electron donating and withdrawing groups that 
shift the absorption and emission wavelengths of the fluorescent molecule, 
lipid and hydrocarbon solubiiising groups, and L is selected from the group 
consisting of a straight or branched C^oalkyl chain, a C 2 . 20 monoether or 
polyether and a C 2 . 20 atom chain containing up to four secondary amide 
linkages; 

R 1 is selected from hydrogen, aryl, heteroaryl, cyano, nitro, aldehyde, halogen, 
hydroxy, amino, quaternary amino, acetal, ketal, phosphoryl, sulphydryl, 
water-solubilizing groups, and alkyl groups optionally substituted by amino, 
(^-04 alkyl-substituted amino, quaternary amino, carbonyl including aldehyde 
and ketone, acetal, ketal, halo, cyano, aryl, heteroaryl, hydroxyl, sulphonate, 
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sulphate, carboxylate, amide, nitro, and groups reactive with amino, hydroxy!, 
aldehyde, phosphoryl, or sulphydryl groups; 

A is selected from O, S and NR 11 where R 11 is the substituted amino radical: 

5 

R' 

/ 

N 

\ 
R" 

10 where R' is selected from hydrogen, a C,. 4 alkyl and aryl and R" is selected 
from C,. 1B alkyl, aryl, heteroaryl, an acyl radical having from 2-7 carbon 
atoms , and a thiocarbamoyl radical; 

X and Y may be the same or different and are selected from bis-C^ -C 4 alkyl 
15 and C 4 - C 5 spiro alkyl substituted carbon, oxygen, sulphur, selenium, 

CH = CH, and N-W wherein N is nitrogen and W is selected from hydrogen, a 
group -(CH 2 ) n R 12 where n is an integer from 1 to 26 and R 12 is selected from 
hydrogen, amino, aldehyde, acetal, ketal, halo, cyano, aryl, heteroaryl, 
. hydroxy I, sulphonate, sulphate, carboxylate, substituted amino, quaternary 
20 amino, nitro, primary amide, substituted amide, and groups reactive with 
amino, hydroxyl, carbonyl, phosphoryl, and sulphydryl groups; 

Z a and Z b each represent a bond or the atoms necessary to complete one, two 
fused or three fused aromatic rings each ring having five or six atoms, 
25 selected from carbon atoms and, optionally, no more than two oxygen, 
nitrogen and sulphur atoms; 

provided that when X and Y are other than carbon, at least one of R 1 - R 9 
comprises a reactive group for covalent reaction with a functional group on a 
30 target material or comprises a functional group for covalent reaction with a 
reactive group on a target material, or, 



57 



WO 99/31181 PCT/US98/26665 

when X and Y are different and are selected from O and Se, at least one of R 1 
- R 9 is other than hydrogen, methyl, phenyl or naphthyl. 

2. A compound according to claim 1 wherein R 10 is selected from: 
5 hydrogen, halogen, amide, C^Cg alkoxy, nitro, cyano, aryl, heteroaryl, 

sulphonate, quaternary ammonium, guanidinium, hydroxyl, phosphate, 
phosphonate, optionally substituted amino, azido, sulphydryl, carboxyl, 
carbonyl, reactive groups, for example, succinimidyl ester, isothiocyanate, 
anhydride, haloacetamide, maleimide, sulphonyl halide, phosphoramidite, acid 
10 halide, alkylimidate, hydrazide and carbodiimide; and groups reactive with 
amino, hydroxyl, aldehyde, phosphoryl, or sulphydryl groups. 

3. A compound according to claim 1 wherein R 1 is selected from 
hydrogen, aryl, heteroaryl, cyano, halogen, alkyl groups of twenty-six carbon 

15 atoms or less and -(CH 2 ) n Q where 1 <n < 26 and Q is selected from amino, 
aldehyde, hydroxyl and groups reactive with amino, hydroxyl, aldehyde, 
phosphoryl, or sulphydryl groups and R 2 , R 3 , R 4 and R 5 are hydrogen. 

y 

r 

4. A compound according to claim 1 selected from: 

20 

i) 6,7,9,1 OTetrahydro-2,1 4-carboxymethyl-1 6,1 6,1 8,1 8-tetramethyl- 
7aH, 8aH-bisindolinium[3,2-a;3'2'-a']pyrano[3,2"C;5,6-c']dipyridin-5-ium 
(Compound I); 

ii) 8,9,1 1,1 2-Tetrahydro-3,1 7-disulphonato-20, 20, 22,22-tetramethyl- 
25 9aH,10aH-bisbenz[e]indolinium[3,2-a,3'2'-a]pyrano[3,2-c;5,6-c']dipyridin-7- 

ium (Compound II); 

iii) 6,7,9, 1 0-Tetrahydro-2-carboxymethyl-1 4-sulphonato-1 6, 1 6, 1 8, 1 8- 
tetramethyl-7aH,8aH-bisindoiinium[3,2-a,3'2'-a]pyrano[3,2-c;5,6-c']dipyridin- 

5-ium (Compound III); 
30 iv) 6,7,9,1 0-Tetrahydro-2-carboxymethyl-1 4-sulphonato-1 6,1 6,1 8,1 8- 

tetramethyl-7aH,8aH-bisindolinium[3,2-a,3'2'-a]pyranol3,2-c;5,6-c']dipyridin- 
5-ium, glycinamide (Compound IV); 

58 



.WO 99/31181 PCT/US98/26665 

v) 6,7,9,1 0-Tetrahydro-2-carboxymethyl-14-sulphonato-1 6,1 6,1 8,1 8- 
tetramethyl-7aH,8aH-bisindoliniurnl3,2-a,3'2'-a]pyrano[3,2-c;5,6-c']dipyridin j 
5-ium, N-(2-aminoethylcarboxamide) (Compound V); 

vi) 6,7,9, 1 0-Tetrahydro-2-(N-formyl)aminomethyl-1 4-sulphonato- 

5 16,16,18,1 S-tetramethyl^aH^aH-bisindoliniumO^-a^^'-alpyranofS^- 
c;5,6-c']dipyridin-5-ium (Compound VI); 

vii) 6,7,9, 1 0-Tetrahydro-2-hydroxyethyi-1 6, 1 6, 1 8, 1 8-tetramethyl- 
7aH,8aH-bisindolinium[3,2-a,3'2'-a]pyrano[3,2-c;5,6-c']dipyridin-5-ium 
(Compound VII); 

10 viii) 6,7,8, 1 O-Tetrahydro-1 4-carboxymethyl-1 6,1 6-dimethyl-7a-8a- 

benzothiazolenine-indolenine-[3,2-a]-benzthiazolylt3'2'-a]-pyrano[3,2-c;5,6- 
c']dipyridin-5-ium (Compound VIII); 

ix) 6, 7, 8,8a, 9,1 O-Hexahydro-2,1 4-disulphonato-8~(4-carboxy-anilino)- 

1 6, 1 6, 1 8, 1 8-tetramethyl-7aH-bis-indolinium[3,2-a;3'2'-a']pyrido[3,2-c;5,6- 
15 c']dipyridin-5-ium (Compound IX); 

x) 6,7,9, 1 O-Tetrahydro-1 4-carboxymethyl-1 6,1 6-dimethyi-7a-8a-quinolino- 
indolenium-[3,2-a,3'2'-a]-pyrano[3,2-c;5,6-c']dipyridin-5-ium (Compound X). 

5. A method for producing a compound according to claim 1 comprising 
20 reacting a compound of formula (A): 



• 

25 



T 
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OR 



(A) 



10 optionally substituted by groups R 2 - R 9 , wherein X, Y, Z a , Z b and groups R 1 , 
R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 and R 9 are as defined above and R is methyl or ethyl 
under conditions suitable for the formation of linkage A, where A is as 
hereinbefore defined. 



15 6. 



A compound of formula: 



20 




OR 



* 



25 optionally substituted by groups R 2 - R 9 , wherein R 6 , R 7 , R 8 and R 9 are 

attached to the rings containing X and Y or, optionally are attached to atoms 
of the Z a and Z b ring structures and wherein R\ R 2 , R 3 , R 4 , R 5 , R 6 - R 9 , X, Y # 
Z a , Z b and R are hereinbefore defined; 

30 provided that when X and Y are other than carbon, at least one of R 1 - R 9 

comprises a reactive group for covalent reaction with a functional group on a 
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target material or comprises a functional group for covalent reaction with a 
reactive group on a target material, or f 

when X and Y are different and are selected from O and Se, at least one of R 1 
- R 9 is other than hydrogen, methyl, phenyl or naphthyl. 

7. A method of imparting fluorescent properties to a non-polar material, 

* 

the method comprising the steps of admixing in the non-polar material a 
compound as recited in claim 1 , wherein at least one groups R 1 to R 9 and R 11 
is an uncharged group. 

8. A method of imparting fluorescent properties to a polar material, the 
method comprising the steps of admixing in the polar material a compound as 
claimed in claim 1 wherein at least one of groups R 1 to R 9 and R 11 is selected 
from the group consisting of charged groups and polar groups. 

*• - * : - . 
m 

9. A method for imparting fluorescent properties to a target material, the 
method comprising the steps of reacting together: 

v" 

9 

i) a target material having at least one functional group selected from the 
group consisting of amino, hydroxy!, phosphoryl, carbonyl and sulphydryl 
groups; or having at least one reactive group that can covalently bond with 
said at least one functional group, and; 

ii) an amount of the fluorescent compound as claimed in claim 1 wherein 
at least one of groups R 1 to R 9 and R 11 is a functional group selected from the 
group consisting of amino, hydroxyl, phosphoryl, carbonyl and sulphydryl; or 
wherein at least one of groups R 1 to R 9 and R 11 is a reactive group that can 
covalently bond with said at least one functional group; 
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for a period of time sufficient to permit said at least one functional or reactive 
group of said fluorescent compound to covalently bond to said at least one 
reactive or functional group of said target material. 

5 10. A fluorescent labelled target material comprising a target material 
selected from the group consisting of antibody, lipid, protein, carbohydrate, 
nucleotides which contain or are derivatized to contain one or more of an 
amino, sulphydryl, carbonyl, hydroxyl and carboxyl, phosphate and 
thiophosphate groups, and oxy or deoxy polynucleic acids which contain or 

io are derivatized to contain one or more of an amino, sulphydryl, carbonyl, 
hydroxyl and carboxyl, phosphate and thiophosphate groups, microbial 
materials, drugs, toxins, particles, plastics or glass surfaces and polymers 
covalently bound to a compound according to claim 1 . 

■ * 

15 11. An assay method which comprises: 



i) binding one component of a specific binding pair with a second 
component of said pair, said first component being labelled with a fluorescent 

V" 

donor dye and said second component being labelled with fluorescent (or 
20 quenching) acceptor dye to bring about an energy transfer relationship 
between said first and second components; and, 

ii) detecting the binding of the first and second components by measuring 
emitted fluorescence; 

25 

wherein the fluorescent donor dye is a compound according to claim 1 . 



12. A method according to claim 1 1 wherein said binding assay is selected 
from the group consisting of immunoassays, nucleic acid hybridisation assays, 
30 DNA-protein binding assays, hormone receptor binding assays and enzyme 
assays. 
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13. An assay method which comprises: 

i) separating two components which are in an energy transfer 
relationship, the first component being labelled with a fluorescent donor dye 

5 and the second component being labelled with a fluorescent (or quenching) 
acceptor dye; and, 

ii) detecting the presence of the first or the second component by 
measuring emitted fluorescence; 

10 

wherein the fluorescent donor dye is a compound according to claim 1 . 

14. A method according to claim 1 3 wherein the assay is selected from 
proteolytic enzyme cleavage assays, nuclease cleavage assays and lipase 

15 cleavage assays. 

15. A method for the measurement of an analyte in a sample comprising: 

i) providing a specific binding partner for the analyte wherein the specific 
20 binding partner is labelled with a compound as claimed, in claim 1; } 

ii) contacting the analyte to be determined with the specific binding 
partner under conditions suitable for binding the analyte to form an analyte- 
specific binding partner complex; and, 

25 

iii) measuring the fluorescence polarization of the analyte-specific binding 
partner complex labelled with the dye to determine the extent of binding. 

16. An assay method for the determination of an enzyme in a sample, said 
method comprising: 

30 

i) providing a substrate for the enzyme, said substrate being labelled with 
a compound as claimed in claim 1 ; 
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ii) contacting the labelled substrate with the enzyme under conditions 
suitable for initiating the enzymatic reaction; and 

iii) measuring the fluorescence polarization of the sample to determine the 
extent of reaction. 

17. A method for the determination of the sequence of a nucleic acid, said 
method comprising the steps of: 

i) providing a sample of said nucleic acid to be sequenced, a primer 
nucleic acid sequence which is complementary to at least a part of said 
nucleic acid to be sequenced, a supply of deoxynucleotides and at least one 
dideoxynucleotide for terminating the sequencing reaction, and a polymerase; 

ii) performing nucleic acid chain extension and chain termination reactions; 

iii) separating the oligonucleotide fragments according to size; 

characterised in that one or more of said dideoxynucleotides or said primer > 
nucleic acid sequence is labelled with a compound as claimed in claim 1 . 
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